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Dear Sirs, 



referring to your messages (application n? 09/787,312 and/following), and according to rules 
established by United States Patent and Tr^emark Office, we send you our observations about 
the notice of rejected claims . 

Our remarks follow the numbering employed by Patent Examiner Mr. Michael G. Hartley, 
Qaim rejections 35 USC - 101 and 112 

On page 3 lines 8-10 of our appUcation is very well established that the R (dextrorotatory) form 
of lopamidol is less toxic of the S (levorotatory) form of the lopamidol. 

Actually (see United States Pharmacopoeia) the only accepted lopamidol must contain at least 
95% of S form. 

On the international market only the formulation that contains at least 95% of S form is 
contemplated. 

Our product is therefore completely new. 

We remind you that the subject of our patent are the advantages of the dextrorotatory forms of 
non-ionic contrast media which show at least one optically active center. 

Up till now, no dextrorotatory form of contrast media is on the market and no request of 
introduction on the market results has been registered. 

According to the Pharmacopoeia, dextrorotatory and levorotatory forms of a drug are two distinct 
entities and have different pharmaceutical properties. 
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BEST AVAItABLE COiPY 

On the market there are several drugs optically active (for example: levorotatory form of thyroxin 
or levorotatory form of dopamine, whose dextrorotatory isomers don't have pharmaceutical 
properties). 

The aim of our patent is that of producing a dextrorotatory form of contrast media which presents 
i the properties of an adequate contrast medium (properties which are bound to the presence of 

iodine atoms) but, at the same time, does not present much or any aflfinity with the human 
receptors (property which is bound to the optical structure of the molecule). 

No one doubts the validity of the S form of lopamidol as a non-ionic iodinated contrast medium. 
Anyway, side effects are reported in 3-4% of the patients and 0,04% of them are rated as grave or 
fatal. Considering the large diffusion of non ionic contrast media and their increasing 
employment we can assert that numerous patients are subject to the effects of chemio-toxicity. 

The form R of lopamidol, object of our patent offers a significant reduction of said risk in order 
to protect the patient's health. 

Moreover, we must consider the profile of the product and its specifics, reported into the 
following table (United States Pharmacopoeia and European Pharmacopoeia): 



Parameter 


Specification 


Organic 
Impurities 

-HPLC 


Single unknown: 

Single known: 
NMT 0.5% 

Total impurities: 
NMT L5% 


Heavy metals 


NMT 10 p.p.m. 


Free aromatic 
amine 


NMT 0.05% 


Free iodine 


negative 


Free iodide 


NMT 0.02 % 


Particulate 
matter 


> 10 ^mi: NMT 
6000 per 
container 

> 25 ^im: NMT 
600 per container 


Bacterial 

endotoxine 

(LAL) 


NMT 0.7 EU/ml 


Sterility 


Sterile 



In the formulation with concentration 370 for 100ml, on the market in the UE, there are about 75g 
of S lopamidol 
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Therefore in the bottle are permitted the maximum presence of the following substances: 



Organic Impurities Total mg 1130 

Single Known mg 380 

Single Unknown mg 75 

Free aromatic amine mg 38 ca. 

Free iodide mg 150 

Moreover we must not forget, as asserted by the literature, that about the 1% of S lopamidol is 
bound to the plasmatic proteins, which happens to reach in this concentration the amount of 750 

mg. 

We must not think that the injectable formulation of S lopamidol contains 100% of pure raw 
material The product on the market can contain and contains, beside the active prmciple, many 
other related products that, in the case of contrast media, reach the amount of several dozens of 
milligrams directly injected in the bloodstream. 

If it's probably true that the S lopamidol isnt affected by biotransformation, it's certainly true and 
confirmed by the pharmacopoeias that the S lopamidol contains a high number of admitted 
impurities. 

Because of their particular biological importance, we must remember the free aromatic amines 

and the free iodide, because potentially able to bind to the human receptor. 

It appears clear that the impurities with optically active center must have a levorotatory form (S>), 

to mantain an higher affinity with the human biologic receptors. 

We must remember: 

I) Cardiac B 1 receptors have a specific afiBnity to the levorotatory molecules (levo atenolol) 
n) The active form of the thyroid hormon is the sodic levo-thyroxin (S) which is admimstred m 

micrograms. - 
m) The receptors of inflammation have an high affinity for the form levorotatory (S) of some 

pharmaceutical molecule (S Ketoprofen, S Ibuprofen, etc.). 

IV) The levorotatory form (S) of Warferin, strong anticoagulant, have an higher affinity to the 
receptors of coagulation than the form dextrorotatory (R) . 

V) The cerebral receptors have a specific affinity for tiie levorotatory (S) form of dopamme and 
other pharmaceutical substances. 

If we consider the side effects that are reported on the SPC of the formulations on the market of S 
lopamidol, we'll see that they are of cardiac, thyroid, emathological, neurological and 
anaphylactic nature. 

All these side effects, as confirmed by many researches on the matter, are not related to the 
hydrophilic property or to physic and chemical properties of the formulation but are related, 
probably, to the molecular structure that, binding to the human receptor starts a chain reactions 
that provide immediate and retarded side effects which can be light, grave or even fetal. 

Therefore we confirm the validity of the form S of lopamidol, but, according to what said, we 
cant assert that the two isomeric forms have the same pharmacologic charactenstics. 

It's not by chance that the pharmacopoeias order separate studies for aU the isomers which have 
pharmacologic activities, and never accept an identity of their biologic properties. 
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The R form of lopamidol differs deeply from S form. 

For istance in a patient affected with hypothyroidism it is different to administer 100 meg of 
levo-thyroxin (S form of thyroxin) orlOO meg of dextro-thyroxin (R form of thyroxm) 

Claim Rejections 35 USC -102 and 103 

l)The US patent n"* 4001323 (annex 1) asserts: 

a) "They are the first non ionic 2,4,6, truodobenzenederivates which are readily soluble in water, 
but fiee from contaminating isomers", in column 1, lines 53-55. referring implicitly to the 
absence of the contaminating isomer R lopamidol. 

b) in the related examples, column 2, lines 14-34, R lopamidol is missing. 

c) no data are provided to support the assertions in column 4, lines 47-56. 

d) column 4 lines 46-56 "the compound of invention which are opticaUy active and particulary 
the L enantiomorphs [ . . .] are preferred. The D enanthiomorphs of the compound of the mvention 
have not been found to offer advantages over the L-enantiomorphs and none can be expected" 

e) the solubiUty of the S form of lopamidol is said to be superior to the solubUity of the RS form 
of lopamidol. In table 1, column 3, the solubUity of the form RS at 20^ 40<» is specified to be 
30g/100ml, while at 60° the solubility is specified to be just 32 g. 

In 1980 the same authors of the patent published a work (annex 2)in which they asserted (page 
303, Une 13 of the table) that the solubility at 25° is just 16 g per litre. In the graphic at page 307 
this data is clearly confirmed at 20° 40° too. 

Then, which is the solubility of the form RS of lopamidol? Does the same molecule have 
dififerent solubilities? 

We would like to stress out that the authors of the patent and of the following publications are the 
same, Felder and Pitre. 

In another work, the same authors, assert that the solubUity depends on the crystaUine form ^age 
137 point 3 3 2.) (annex 3) and not on the isomeric form. Moreover, the pentahydrate form 
shows, in picture 8. page 139, ahnost the same trend of the graphic provided at page 307 of the 
previously quoted work. 

Shortly, the authors assert: 

- Firstly, in the patent, that the RS form of lopamidol has a solubility of 30g/100ml; 

- Secondly, in a previous work, that said solubility becomes of 16g/100ml; 

- Finally, that the RS form of lopamidol has the same solubUity of the S form of lopamidol 

pentahydrate. 

We can infer that, were these data true, it would be a peculiar behaviour to be observed in a 
molecule. 
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2) Neither Lorenzini (patent 6875887) (annex 15) nor Benanni (patent 5609851) (annex 16) have 
proposed a non-ionic contrast medium based on the dextrorotatory form and which presents an 
higher toUerability. 

The authors didn't even reveal the superior characteristics of the dextrorotatory form compared to 
the levorotatory form in terms of toxicity, actually considering them to be identical. 

Moreover no one hypotized that the side effects of non-ionic contrast media are bound to the 
property of bounding themselves as contrast media or impurities to the human receptors. 

Once again, no one remembered that the human receptors have a pecuhar affinity for the 
levorotary forms, while it is highly xmlikely a bond with the dextrorotatory forms. 

Therefore the dextrorotatory forms, not binding to the receptor are not able to produce side effects 
that, in the case of contrast media, happen to be grave and often deadly. 

Lastly, we'd like to remind you that Lorenzini's application have a priority data on 26 february 
1999 while om priority data is 16 September 1998 (also international filing date and international 
publication date confirm our consideration)(anncx 13), Therefore, it would have been Lorenzini 
the one to use already well-known information. And this notwithstanding he even obtained the 
patent . 

In addition to this incoherence, in Lorenzini*s patent there are references to "salt of the 
lopamidol". We'd like to remind you that it is chemically impossible to obtain a sah fi-om a non- 
ionic product. Only ionic compoxmds can produce salts. 

No author seems to have studied the differences occiuring between the form S and the form R of 
lopamidol. There's no trace of a similar study in the documents provided by the Patent Office. 
It is a bit careless to try to foresee the behaviour of a drug through assertion as "no difference nor 
advantages have to been e?q>ected between S and R lopamidol". 

This assertion was made into 1975, when very little was known about chemio-toxicity and 
biological impact in reception. Anyway, there are no published scientific works supporting this 
assertion. 

The form R of lopamidol offers a significant reduction of said risk in order to protect the patient's 
health. 

Moreover, we want to present you vnXh the conclusion of several researches published in the last 
years which confirm the origin of many side effects in the bond between receptor and contrast 
medium and/or its related substances: 

A) Feltrin ct alt "Fondamenti sui mezzi di contrasto iodati e reazioni awerse". La 
radiologia Medica, vol. 107 8-31, 2004 (annex 7) 

The author supposes the possibility of an hydrogen bond between the contrast medium and 
peptide or polypeptides (see page 1 1 and, fig 5 at page 5). We remind you that all the amino acids 
in hiunan polypeptide chains are all of levorotatory form. 

B) SK Morcos "Contrast media-induced nephrotoxicity'* The British Journal of radiology 
vol 71 issue 844 pag 357-365, 1998 (annex 8) 

The author supposes a fundamental role of Endothelin and adenosine in mediating some side 
effect of contrast media. The release would presumably happen through receptors. To confirm his 
hypothesis the author afl&rms that "the prophylactic administration of calcium chaimel blockers 
and adenosine antagonists such as theophylline may also offer some protective effect." 




C) Y-XJ Wang et alt "Radiographic contrast media induced nephropathy:experimental 
observation and the protective effect of calcium channel blocker **The British Journal of 
radiology vol 74 (2001) 1103-1108 (annex 9) 

The authors reach the same conclusions as Morcos but they oflFer a larger spectrum of drugs 
which oppose the receptors, thus preventing nephropathy brought by contrast media. 

D) Blann et alt '^Changes in endothelial,leucocyte and platelet markers following contrast 
medium injection during angiogr^hy in patients with peripheral artery disease** The 
British Journal of radiology vol 74 (2001) 811-817 (annex 10) 

The results convalidate the hypothesis of an impact on the receptors, with an heavy action on the 
principal markers. 

E) LafTan et alt "A comparison between the platelet activating properties of different 
contrast media used in radiology and MRT The British Journal of radiology vol 740 (1997) 
798-804 (annex 11) 

The authors demonstrate the impact of different contrast media on platelet activating properties. 
Moreover is confirmed the increase of bound fibrinogen. 

F) SK Morcos "Effect of radiographic contrast media on the lung The British Journal of 
radiology vol 76 (2003) 290-295 (annex 12) 

The authors assert m the abstract: "Pre-treatment with corticosteroids or antihistamine does not 
appear to prevent radiographic contrast media induced bronchospasm ,but the administration of 
b2 adrenergic agonist can abolish this adverse side effect." 

We expertised only a litde portion of the studies which show the side effect of contrast media 
coming firom a mechanism of stimulation or inhibition of receptors. 

A solution to the side effects was the employment of bigger molecules as dimeric non-ionic 
contrast media (lopamidol is a monomer), thus provoking a stechiometric obstruction. 

Our solution consists, more simply, in reducing the receptorial affinity, thus making the molecule 
unable to bind throu^ the employment of the biologically inactive isomer(R-fonn). 

Non one has previously reached these conclusions. 

On 04 August 2004 the European Patent Office has granted the patent after a throughout 
examination, including the publication quoted by the patent examiner, (annex 14) 

Bracco Imaging company had filed a notice of opposition against the patent and we are waiting 
for the European Patent Office decision. Copy of the opposition cited publication are included m 



Lastly, we look forward for your reply and we confirm our availability to any fiirther 
investigation or explanation of the matter. 



our annex. 




Sincerely, 

Dr. Andreina Giaimettino 

Patent Applicant for 

Omnia Pharma S.r.l. 
Via Fiume Giallo, 228 
00144, Roma 

Italy 
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Development, Chemistry, and Physical Properties of . 

lopamidol and Its Analogues 

D. PITRfe, PhD, AND E. FELDER, PhD 



A series of 5-hydroxyacylflromo-2,4,6-triJodo-N»N'-hydroxy- 
alkyl-isophtaUnildcs was prepared In order to study the 
structural requirements for high water solubility ar>d low 
toxicity. Amonfi the amides substituted by 2-hydroxyethyl; 23- 
dlhydrtvxypropyl; l^-dihydroxypropyl-; and l,t-dihydroxy- 
incthyl-2-oxycthyl- groups, the highest water solubility was 
obtained with the 13-dihydroxypropyj- group. Neither opUcal 
resolution of the 2;3-dihydroxypropyl mofety nor amide 
formation with two different anunes Improved the water 
solubility. The optimal solubility was obtained with S-5-a- 
hydroxyproplonylamino-2,4,6-triiodoisophtalic add' di-<l«3- 
d(hydroxy-2-propylamide), lopamidol. lopamidol forms an- 
hydrous and monohydrate crystals, characterized by differen- 
llal thermal analyses, x-ray diffraction patterns, and solubility 
patterns. A method for enzymatic assay of the optical purity of 
lopamidol with lactodehydrogenase is described as well as 
partition coefficient, ionization constant of the oxyacyiamido- 
group, critical micelle formation, surface tension, and 
osmolarlty. 

Key words: lopamidol, nonlonic water-soluble contrast media, 
synthesis. 



To DEVELOP new, nonionic, water-soluble contrast 
media, we used strurtural elemenu used in estab- 
lished ionic contrast media for urography, such as 
diatrizoic, iodamic, iothalamic, and accirizoic acids. 
Thus, wc retained in our design the triiodinated benzene 
ring as the radiopaque moiety containing stable carbon- 
iodine bonds. Further, we substituted the benzene ring 



From ihc Research Laboratories of Bracco Induitria. Chimica 
S.PA., MiUn, Italy. 

Reprint requests: D. Piue, MD, Bracco Indusiria Chlmicfl. S.P.A., 
Via E. Folli. X), 20134 Milan. Italy. 



with substitucnts that should presumably induce low 
toxicity and high water solubility. In this article we shall 
discuss compounds based on the 5-amino-2,4,6-lriio" 
doisophtalic acid. 

The series of compounds was developed according to 
the scheme shown in Table 1, which shows the synthesis 
of the hydroxyalkylamides of 5-hydroxyacylamino- 
2,4,6-triiodoisophtalic acid.**^ We chose the amido and 
hydroxyacyl groups to avoid the formation of restricted 
rotational isomers and to retain a high iodine content in 
the molecule, 

Experimental results, reported in Table 2, show that 
the highest solubility in water was obtained with 1,3- 
dihydroxyiso propyl substituted amide and that optical 
activity of compounds containing the 2,3-dihydroxy- 
propyl group, if any, had no important effect on 
solubility. Furthermore, asymmetric amides (ie, those 
with two different amide substitucnts) were found to be 
generally less water soluble than the symmetric ones. 

The structural contribution of the hydroxyacyl group 
becomes important in case of the L-lactoyl grdup, which 
made the molecule remarkably soluble, whereas the 
corresponding D.L-dcrivative was much less soluble. 

Radiopacity, water solubility, osmolariiy and viscos- 
ity, stability of aqueous solutions, systemic and local 
toxicity, and pharmacodynamic and pharmacokinetic 
tests determined that (L) 3-hydroxypropionylamino-2,4, 
6-triiodoisophtalyl-bis(l,3-dihydroxypropyl-amide) (lo- 
pamidol) (Fig. 1) was the best compound of the series.^ "* 
Since the sieric configuration proved important for the 
water solubility, a method for quantitative determina- 
tion of optical purity was developed (Table 3). It is based 
on catalytic dciodi nation, hydrolyzation in alkaline 
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TABLE 2. Water Solubility of lopamidot and its Anatoguas 

COR, 



R^HN 




COR, 



HOCH^CO- 



- NHCHjCHjOH 



"NHCH, CHjOH 



I a 1 «e 



g/100 ml 
HjO at 25** 



INS. 



HOCHjCO- 



(RS)-NHCHjCHOHCH,OH 



(RS) - NHCH , CHOHCH J OH 



HOCHjCO- 



-NHCH (OH J OH), 



-NHCH<CH,OH), 



<S) CH3CHOHCO- 



- NHCH, CM J OH 



-NHCHjCHjOH 



1.8 



4.2 



INS. 



6 



(S)CH,CHOHCO- 



- NHCH (CHjOH), 



-NHCH <CH,OH), 



-5.13* 



(S) CH3CHOHCO- 



(RS) - NHCH jCHOHCH , OH 



(RS)-NHCHjCHOHCH,OH - 4.91* 



<S)CH3CHOHCO- 



(RS) - NHCH 2 CHOHCH ,OH 



(S)-NHCH,CHOHCH,OH —10.19** 



90 



13 



12 



8 



9 



(S) CHjCHOHCO- 



(S) - NHCH , CHOHCH , OH 



(S)-NHCH,CHOHCH,OH — 14.82** 



(S) CH.CHOHGO- 



-NHCHjCHjOH 



(RS)- NHCH, CHOHCH, OH — 4.95*' 



12 



10 



11 



(S) CH.CHOHCO- 



NHCH J CH, OH 



-NHCH (CHjOH), 



(S) CH.CHOHCO- 



iRS)- NHCH jCHOHCH ,OH 



-NHCH {CM J OH) 2 



- 4.62*> 



12 



12 (S)CH3CHOHCO- 



-NHC (CHjOH), 



-NHC(CHjOH)3 



-3.40* 



13 (RS)CH3CHOHCO- 



-NHCH (OH, OH) 3 



-NHCH (CHjOH), 



16 



14 I (RS)CH,CHOHCO- 



(RS)- NHOH , CHOHCH , OH 



(RS) - NHCH , CHOHCH , OH 



15 1 (RS)CH,CHOHCO" 



(RS)- NHCH , CHOHCH - OH 



(S)- NHCH J CHOHCH, OH - 4,92** 



12 



12 



1 6 I (RS) CH , CHOHCO - 



iS) ' NHCH , CHOHCH , OH 



(S)- NHCH, CHOHCH, OH " 9.76** 



14 



17 (RS) HOCH, CHOHCO - 



-NHCH (CHjOH)^ 



-NHCH (CHjOH), 



5.5 



18 I {RS)CH3CHOHCHOHCO 



-NHCH (CHjOH)j 



-NHCH (CH^OH), 



4.5 



1 9 CRS)Ol3CHOHCHOHCO- 



(RS) - NHCH , CHOHCH , OH 



(RS) - NHCH , OlOHCH , OH 



12 
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TABLE 3. Scheme ot the Enzymatic Assay o( tho Optical Purity ol lopamidol 










-NH- 


-CH 






CM J- OH 




,CH- 


OH 




-NH-CH 
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OH 



[^l!7a"5,13-(c-10%.»V 



Catalytic dehalogenatlon 
[(r)and H, conaumptlon controls] 



OH 





^CH,-OH 




-NH- 


-CH 






^CHj,-OH 




1 co- 


^CH,- 


OH 




-NH-CH 






"CH,- 


OH 



Alkaline hydrollela 
(100* /I hr) 



Reaction mixture 


COOH 

ft 


CH3-CH-COOH 

OH 


^CH,-OH 
^CH,-OH 



Enzymatk: reactibn 
wHhLandO-LDH 



Ackf Lactte Found 



M.O % L - form 
1.6% . D'tbrqi 
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CH2OH 
CONH-CH-CH2OH 



H3C-CH-COHN 
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OH 



M.W. 777.29 




CONH-CH-CH2OH 
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I CH2OH 



1 = 49.00% 



iOPAMIDOL 
Fig. 1, Structure of iopamtdol. 



solution (o 5-aminoisophtaIic acid, 2-amino-J ,3-pro- 
panediot and lactic acid, with no racemization. 

I o pa mid ol occurs in two different crystalline forms, 
one anhydrous and the other hydraled (Figs. 2, 3) with 
distinct x-ray powder difractograms and also different 
elemental cell charactcrbtics (Tabic 4). \ 

Also, at DTA analysis the two forms differ con- 
siderably. As shown in Fig- 4, the anhydrous forrn reveals 
a first broad endotherin at 193° and another endoiherm 
with decomposition and iodine liberation at approxi- 
mately 323**. The hydra ted form» instead, shows an 
cndotherm at 127** due to loss of molecular water and 
another group of cndothcrras at 240° and 265° » plus a 
definite cxoihcmial transition in the region of 295° , due 
to decomposition. The water solubility curves, as a 
function of temperature^ also illustrate the difference 
between the two forms (Fig. 5). It can be seen thai curves 
arc U-shaped, showing the minimum solubility at 23° for 
the hydrated and at 60° for the anhydrous form. A 

TABLE 4. Crystal Data of fopamidol 





Anhydrous 


Hydrated 


Pammetars 


Form 


Fonn 


a 


11.172 A 


13/511 A 


b 


12.403 A 


15,591 A 


c 


9.180 A 


1?..60a A 


a 


92* 4a' 


f>6* 25* 




104'' 38' 


81» 41' 


r 


108^ 40- 


87» 10* 


u 


1154.34 A» 


2428.23 A> 


do 


2.10 g/cu cm 


?..12 g/cu cm 




2^7 g/cu cm 


2.18 g/cu cm 


Z 


2 


4 


Space group 


pT 


pT 



The unit cell parameters were determined by Philips PW 
noo computer-controlled four-circles dlf(nactometer using Mo-* 
Ka radiation monochromatized with a graphite crystaL 




Fig. 2. Anhydrous iopamidol crystals. 




Fig. 3. Hydrated Iopamidol crystals. 
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Fig. 4. OTA curves of the anhydrous and hydrate forms of 
lopamidol. 
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Fig. S. Solubility of iopamldol In water. 
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hydralc -an hydrate transition point is in the region of 
60** . The presence of hydrophilic groups accounts for low 
partition coefficients (0.0025 in n-octanol-watcr and 
0.113 in n-butanol-water). Under the same conditions. 




Fig. 6. 



Osmolality or topamidol solutions at 37 C. 



metrizamidc showed partition coefficients between bu- 
tanol and water of 0.424 and between octanol and 
water of 0.018, 

It is possible to obtain salts of iopamidol with strong 
alkali in aqueous solution. This Is analogous to sulfon- 
amides having a similar dissociation constant. However, 
on potentiometric titration with NaOH 0.1 N in aqueous 
solution^ a dissociation constant of Ka = 10*'** ' was 
found, indicating that at physiologic pH values the 
dissociation should be insignificant (Table 5), 

The osmotic pressures of solutions are shown in Fig. 6, 
At 370 mg I/ml (corresponding to 0.972 mol/l). 



TABLE 6. Dynamic Surface Tension of Aqueous 
Iopamidol Solutions at 20 C 



Iopamidol 
(mg I/ml) 



Suriace Tension (dyne/cm) 



Ohr 1/4 hr 1/2 hr 1 hr 2 hf 4 hr 16 hr. 



0 


72.8 














50 


66.7 


67.9 


67.3 


66.3 


64.8 


62.5 


55.4 


100 


65.3 


63.9 


63.0 


61.6 


59.8 


57.5 


52.5 


200 


60.7 


58.6 


56-9 


55.8 


54.1 


63.1 


51.1 


300 


59.0 


56.7 


55.1 


53.4 


52.3 


51.6 


50.8 


400 


56.3 


54,2 


52.9 


51.8 


51.2 


51.1 


50.6 
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TABLE 7. Physlcochemical Properties of Aqueous 
Solutions of lopamidol 



Cone e/itra lions 
Iodine lopamidol 



Osmolality 
(mol/kg-^ ) 



(atm) 



Viscosity 
(cP) 



Density 



mg/ml 


% w/v 


37 C 


37 C 


20 C 


37 C 


20 C 


37 C 


400 


81.6 


0.903 


23.0 


32.3 


12.5 


1.44 


1.43 


370 


75.5 


0.799 


20.3 


18.5 


8.6 


1.41 


1.40 


350 


71.4 


0.738 


18.8 


14.5 


7.5 


1.39 


1.38 


300 


61 .2 


0.616 


15.7 


8.8 


4,5 


1.34 


1.32 


200 


40.8 


0.413 


10.5 


3.4 


2.0 


1.22 


1.21 



iopamidors osmolarity is 47% lower than that of the 
cquimolar solution of glucose. The surface tension of 
lopamidol aqueous, solutions declines with time» be- 
coming constant within a few hours (Table 6). 

The surface tension data are very close to those of uro- 
angiographic contrast media, sodium and mcthylgluca- 
mine salts of diatrizoic« metrizoic and iothalamic acids 
{from 64-67 dyne/ cm for 0.1 m solutions and 52-62 
dyne/ cm for 0.5 m solutions). Thus, like the other uro- 
angiographic contrast media, iopamidol has a weak 
effect on the surface tension. 

Studies of iopamidol solutions, using pH variation, 
hydrolysis of acyl- and hydroxys Iky lamido groups, and 
dciodination of the molecule as indicators, demonstrated 
that solutions containing small quantities of buffer and 



chelating agent are stable enough for heat sterilization 
(Table 7), After two years of storage at room tempera- 
ture, the solutions of iopamidol still met the require- 
ments of the Pharmacopeia for current uro-angiographic 
contrast media. 
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1 . 1 



Foreword 



lopamidol is an injectable iodinated contrast agent 
for angiography, excretory urography, and myelogra- 
phy. It belongs to the class of non-ionic triiodi- 
nated benzoic acid derivatives with 3 iodine atoms 
per particle in solution ( ratio 3 contrast media). 

1.2 History 

With the aim of lowering chemotoxic ity and impro- 
ving heat stability of non- ionic molecules a series 
of hydroxyalkylamides of 5- (a-hydrcxyacyl ) amino-2, 
A, 6 triiodoisophthalic acids was synthetized in the 
Research Laboratories of Bracco Incustria Chimica» 
Milan Italy, in the early 70' s. 



Shielding the hydrophobic iodine atoms with highly 
hydrophilic substituents afforded compounds with 
promising characteristics. Especially the molecule 
coded B 15000, later to be named lopaxnidol, was dee 
med worthy of preclinical and clinical development 
and patent protection (1,2, 3, A). 

Favourable physico-chemical properties, stability 
to heat sterilization of the injectable solution , 
and excellent tolerability allowed broad diagnostic 
indications for lopamidol such as iunbar and cervi- 
cal myelography, cerebral angiography, peripheral 
arteriography and venography, angiocardiography, 
coronary arteriography, aortography, selective vi- 
sceral angiography, CT enhancement, digital subtrac 
tion angiography, excretory urography and arthro- 
graphy. 

Updated preclinical and clinical experiences were 
reported during a worldwide Symposium on lopamidol, 
held at Fort Lauderdale in early 1963 (5), 
lopamidol was introduced on the Italian market in 
September 1981 and soon afterwards in other Euro- 
pean countries, whereas U . S . introduction followed 
at the beginning of 1986. 
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2.1 



Nomenclature 



2.1.1 Chemical Kames 

1 , 3-Benzenediearboxanlde-N,N' -bis [2-hydroxy- l-Chy- 
droxymethyl ) ethyl ] -5- [2-hydroxy- l-oxopropyl) -ami- 
nol-2 , A ,6-triiodo- , (S)- 
N,N* bis( I , 3-dihydroxy-2-propyl) -5-L-lactoylaIni- 
no-2 , A , 6-triiodoisophthalajnide* 

(S)-N,N' -bis[2-hydroxy-l-(hydroxymethyl)ethyl]-2. 
^ , 6-triicdo-5-lactajnidoisophthalaj2ide 

: 60166-93-0 

2.1.2 Generic Name 

lopamidol (USAN. INK, BAN) 

2.1.3 Trade Names 



lOPAMIDOL 

with a slig) 

3. PHYSICAL PRt 

3 . 1 Spectra 
3.1.1 Ultraviolet 

The ultravi- 
king Stands 
and borate 
spectrophot 
The UV spec 
F ig . 1 and s 
1 . 



lopami ro 
Ispv\ie 
Niopao 
Solut ras t 
lopajmi con 



( Bracco ) 
(Squibb) 
(Merck. UK) 
(Byk Gulden) 
(Schering) 



2 . 2 Konnu-la, Molecular veiRht axid Iodine Content 




CH.OH 
I ' 

COKH-CH-CH^OH 



2.3 



COKH-CR-CH^OH 
1 

CH^OH 
Hoi. wt = 777.1 
Organically bound iodine : ^9.00Z 
Appearance, Color, Odor and Ta^te 

cr.stailinG po^-'cler, practically odorless 



Solvent 






( 


Water 


2 


Methanol 


2 


Borate buffer 


2 



3.1.2 Infrared Sp 

The Infra: 
(Working Sc 
The spectrv 
KBr with a 
Spectral as 
given in T. 
s true ture . 



IR speci 

Wavenumbi 
(cm'M 

3380 

32A0. 3( 
29^0. 2^ 
1630 



lOPAMIDOL 



with a slightly bitter taste (6). 

3. PHYSICAL PROPERTIES 

3. 1 Spectra 

3.i.l Ultraviolet Spectrum 

The ultraviolet spectrum of lopamidol (Bracco Wor- 
king Standard) was determined in water, methanol 
and borate buffer pH = 9, with a Gary mod. 219 
spectrophotometer , 

The UV spectrum of lopamidol in water is shown In 
Fig.l and some spectral data are presented in Table 
1 . 



Table 1 
UV spectral data 



Solvent 


^ max 
(nm) 


log e max 


E^^ (Xmax) 
1cm 


mean 


s.d. 


n 


Water 
Methanol 
Borate buffer 


2A2 
2A1 
2A2 


^.A7 


371 
382 
380 


0.61 


10 
10 



3.1.2 Infrared Spectrum 

The Infrared spectrum of anhydrous lopamidol 
(Working Standard sample) is showna in Fig, 2. 
The spectrum was obtained on a 0.3Z dispersion in 
KBr with a Perkin Elmer mod. 882 Spectrophotometer. 
Spectral assignments for principal absorptior\ bands 
given in Table 2 are consistent with the proposed 
s t rue ture . 

Table 2 

IR spectral data for anhydrous lopaiaidol 

Wavenumber Assignment (s) 
(cm'M 

3380 --OH 

32^0, 3060 v/f^, sec. amide 

29^0, 2880 >a:K, aliphatic 

1630 vC=0, amide 1st band 




120 




i 



12) 
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Assignment (s) 

StKH+vt:N, amide 2nd band 
vCN+iNK. amide 3rd band 

vC-0, primary .alcohol 

secondary alcohol 



V/avenumber 
(cm ) 
1530 
1350 
12A5 
1100 
1045 

970 

890 

680 

625 

470 

The two hydrated forss of lopamidol (see 3.2.1) 
gave IK spectra vith absorption bands that, 
although consistent with the structure of the 
product. showed significant differences between 
each other and the anhydrous _ ^orm mainly in the 
region betveen 1700 and 800 cm 

3.1.3 Nuclear Mas^netic Resonance Spectra 

Murderous isomers are predictable to be present at 
the equilibrium. due to the possible hindered 
rotations around the aryl-CO, aryl-N, and N-CO 
bonds. The detectabil ity of ambient temperature 
isomers has been proved by Bradamante et al. (7): 
it has been shown by 'H and C NKR analyses that 
different free energies of activation pertain to 
the various hindered rotations, allowing discrimi- 
nation of the effects. 

Variable temperature experiments in DKSO-d^ and D^O 
solvents (.04 M) indicate that : 

a) isomers derived from the hindrance of rotation 
around the arvl-CO bond ( sjn and anti) charac- 
terized by whether or not the C=0 double bonds 
point cowards the same 'd 1 rect ion relative to the 
plane of the benzene ring, are present in the 
ratio of 1:1; 

b) isomers derived from CO-N hindered rotation in 
the isophthalic carboxamido moiety (E and Z) are 
present in the ratio of 1 1 ; 

c) rotation around the aryl-N bond is fast on the 
NKR time scale; 

d) a conforrnational preference for the endo isomer 
is detectable in the case of isomers derived 
from the CO-N hindered rotation in the anilido 
moiety ( endo and exo ) . 



3.1.3.1 



1 



H-NKR 



NKR 
Stajidar 
j;olutic 
operat i 
Chemicc 
Tables 
normal 
(COSY -9 
mu 1 1 i p ] 



Chemical shift 
(ppm,THS) 



9,69 



8.18 
7.62 



5.65 

4.68 
4,52 

4.18 

3.87 

3.7-3.4 

1.39 
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123 



H NMR spectra of .lopamidol (Bracco Worki 
Standard) vere recorded in DHSO-d^ and n n 
solutions with a Broker AC-200 S^ectromet?^ 
operating at 200 MHz (8). 

Chemical shifts and assignments are reported in 
Tables 3 and A, while Figures 3 and A show the 
normal spectrum in DMSO and the 2D spectrum 
(COSY-90) respectively, further confirming the 
multiplicities observed and their assignments. 



Table 3 



1 



H-MKR data (200 KHz) in DMS0-d6 



Chemical shift 
(ppm.THS) 


Multiplicity 


nr , 


protons 


Ass igaments 
(s) 


9.69 


s 


1 


exch. 


(5-HHCO 


8. 18 ] 
7.62 i 


b , m 
b , m 


2 


exch. 


2 (5-comi 


5,65 


m 


1 


exch. 


CH^-CH(OH) 


A. 68 
A. 52 


b.t 
b,t 


1 
3 


exch. 
exch. 


A -CH^OH 


A. 18 


m 




1 


CH^-CH(OH) 


3.87 


b , m 




2 


2 'CH'H 


3. 7-3. A 


m 




8 


A-CH^OK 


1.39 


d 






CH^-CH(OH) 
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Table A 

H-NKR data (200 MKz) In D.O 



Chemical shift 
(ppm) (*) 


Multiplicity 


nr . protons 


Ass ignmentC s ) 




q 


1 


CH^-CH(OD) 


A. 16 


qui 


2 


2-CH-N 


3.82 


d 


8 


A-CH^OD 


1.55 


d 


3 


CH^-CH(OD) 



corrected for TMS 



3.1.3.2 ^-NHR 

^"^C-NMR spectrum of lopamidol (Bracco Working 
Standard ) shovn in Figure 5 was recorded in 
DMSO-d^ solution with a Briiker AC-200 spectrometer 
at 50 RHz (8). Chemical shifts and ass ignments 
are reported in Table 5. 



3.1. A Mass Spectrum 

The remarkably low volatility of lopamidol, due to 
its high molecular weight and to the presence of 
several polar functional groups, complicaCes its 
mass spectral characterization. 

Partial information has been gained by chemical 
der ivat izat ion procedures combined with different 
ionization methods and conclusive mass spectral 
characterization of lopamidol was obtained when the 
fast atom bombardment (FAB) technique was employed 
(9). 

The FAB mass spectrum of lopamidol in glycerol is 
shown in Fig. 6. 

As can be observed the base peak corresponds to the 
protonated molecular ion (m/z 778), 

The f ragmencat ion pattern of this ( M+H T species is 
shown in Scheme 1 . 
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Chemical shi. 
(ppm, TM: 



172.67 

169.06 
168.89 

1^9.82 
1A9.6A 

1^'3. 10 
U2.79 
1^.2.72 

99.20 
99.06 
98.97 
98.91 
98.77 

90.07 

67 .59 

59.28 
58.86 

53. 19 
53. 10 
52. 78 

22. 1 I 
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13 



C-NMR data (50 MHz-) in DMS0-d6 



o 



8- 



(f) 
in 

CD 



on 



ill 



Chemical shift 
(ppm, TMS) 


— 1 

Assignment (s) 


172.67 


6mco 


169,06 
168.89 


6com 


149.6^1 


Aromatics C-3, C-5 


1^3.10 
1A2.79 


Aromatic C-l(N) 


.1A2.72 




QQ in 
99.06 


Aromatics C-2, C-6 


98.97 




98.91 








90.07 


Aromatic C-A 


67.59 


CH. lactoyi 


59:28 
58,86 


CH^, serinol 


53. 19 
53.10 


CH, serinol 


52.78 




22. 11 
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SCHSCC 1 
nUCKESTATIOH PATTZKN Of lOPAKIDOL 



CHCONH 




'I© 



GOKHCH 



, Cfi^OH 



HO 



CH^oa 



mU 687 (21Z) 



CONH-CH 



CHCOMH 




CHNHCH 



ill 10^^11^3^30,131^ 

r (H+Hl^, mjz. 778 (lOOZ) 



-I 



COKHCH 



T 



BO 



j::hcokk 




CK^OH 



CONHCK 



a/ I 6 S \ ( 7 I Z ) 



-C3B3NO, 



H3C 



CHCOKR 




XOY 



co^fBCI^ 



I 



,CHjOH 
^CHjOfl 



m/i 70i (12Z) 



I vlch H rearr. 




I Ca^OH 

(S7^l«3^7^3J.' 
a/t 760 (71) 



CHCOKH 




^CH^OH 



CH^OH 



CONHCH 



,CH^OB 



RO 



«/t S2t (2SI) 



f*/t 433 C III) 
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Parameter 



a (A) 
b (A) 
c (A) 
a. (degr . ) 
0 (degr . ) 
(degr . ) 

V (A^) 3 
Dx(g/cm ) 
Z 

Space group 



St rue tura 1 
pentahydra 
observed b 
the EKtX) < 
and penca- 
and SYN " 
i s o pb C ha 1 i 



ER> ^LDER ET AL 



4 (12Z) 



+ 

.HCH 

1 ^:a-OH 

■X- . -I ' 



COKHCH 



a/i 760 (73) 



CIL,OR 



COKHCH 




CE^OR 



COMHCH 



,CH20a 



CH-Ofi 



mJt S2^ (251) 
' '3^«^2 

t^, - A33 (IIZ) 



vi5 
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3.2.1 



Crystal morpholoRy 

Ippamidol exists in three different crystal forms 
corresponding to the anhydrous, the monohydrate and 
the pentahydrate. each characterized by a distinct 
IR Spectrum (see 3.1.2). X-ray powder diffraction 
pattern (see 3.2.2) and by distinct both 
enthalpimetric (see 3. 2. A) and gravimetric ( see 
3.2.5) thermograms. 

Crystals of the three forms, which were induced to 
grow with great difficulty from aqueous solutions, 
were subjected to structural X-ray analysis using a 
Philips PV 1100 diffractoraeter ( Mo K a = 0.71069 
A; scaji speed = 0.06Vs) for the anhydrous form and 
a CAD-A dif fractometer for the mono and the penta- 
hydrate forms. 

Crystal cell parameters of each of the three forms 
are reported in Table 6. 

Table 6 
Crystal data of lopamidol 



Parameter 


Anhydrous 


Monohydrate 


Pentahydrate 




(10) 


(11) 


(12) 


a (A) 


12. A78 


15.591 


lA. 1A7 


b (A) 


11.233 


13.611 


12.A8A. 


c (A) 


9.241 


12.608 


15.963 


a (degr . ) 


lOA. A9 


81. Al 


90.00 


P (degr.) 


92.63 


62.25 


90.69 


\ (degr.) 


108.63 


87.10 


90.00 


V (A^) _ 


1117 


2A26 


2819 


Dx(g/cm'') 


2, 19 


2.18 


2, OA 


Z 


2 


A 


A 


Space group 






^21 



Structural analysis of the anhydrous and of the 
pentahydrate forms further confirmed what" was 
observed by KKR spectroscopy (see 3,1.3) as regards 
the ENDO conformation of the QO-H bond (anhydrous 
and penta- hydrate) and the .\NTr E,£ (pentahydrate) 
and SW E,E (anhydrous) conformations of the 
isophthalic bonds <i-COKKR. 
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^•2.2 X-Rav Powder Diffraction 

X-Ray powder diffraction patterns of the three 
forms of lopaxoidol were obtained with a Philips PV.' 
1710 dif fractometer in the 29 range between 3 and 
SO** using a Cu-Mi radiation (AO FCV; AO mA) and a 
r/min scanning rate (13). Data obtained on samples 
crystallized froc water are reported in Tables 7, 8 
and 9 and clearly deiaonstrate that the three forms 
yield three distinct dif f ractograias . 

Table 7 

X-ray Powder Diffraction Pattern of anhydrous lopamidol 



D (A) 


rZrel. 


D (X) 


IZ rel. 


11.73 


100 


2.99 


22 


10, 2A 


AO 


2.9A 


22 


9.A9 


3A 


2,90 


39 


8.88 


2A 


2.88 


27 


7.89 


A9 


2.85 


Al 


7.61 


27 


2.79 


20 


6.66 


35 


2.7A 


lA 


6. OA 


35 


2.73 


lA 


5.86 


19 


2.69 


A6 


5. 10 


58 


2.62 


16 


5.05 


7A 


2.58 


32 


A. 73 


72 


2.5A 


13 


^.56 


97 


2. A3 


12 


A. A6 


1 7 


2.AI 


12 


A. 27 


a: 


2.37 


18 


^.23 


31 


2, 3A 


2A 


i. IS 


33 


2.27 


16 


^.15 


22 


2.25 


1 2 


3.97 


32 


2.23 


19 


3.9A 


3 7 


2.21 


21 


3.90 


66 


2. 19 


13 


3,80 




2.17 


17 


3.77 


-\ • 


2.11 


15 


3.7 1 




2.09 


16 


3.61 


33 


2.07 


U 


3.58 


UL 


I .99 


13 


3.52 


37 


1-96 




3.A2 


17 


1 .88 


16 


3.^.0 


K 


1 .85 


16 


3.29 


^2 






3.15 


16 






3.08 


51 







X-Ray Powder Di 



D-(X) 



13. A8 
U .38 
9.68 
8. 19 
7 .15 
6,88 
6.32 
6.16 
6.05 
5.72 
5.53 
5.A9 
5.28 
5.23 
5.03 
A. 86 
A. 69 
A. 60 
A .56 
A . A9 
A. 26 
A. 20 
^. 10 
3.99 
3.87 
3.80 
70 
67 
57 



52 

32 
27 
17 
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Table 8 



r Diffraction Pattern of aionohydrate lopam 









D (X) 


IZrel. 


i J . MO 


lA 




3.11 


lA 




50 




3.07 


8 


O AO 

y . oo 


100 




3. OA 


10 




lA 




3.01 


7 


7.15 


12 




2,97 


7 


A o o 

0 . oo 


9 




2.9A 


9 


A TO 
O . JZ 


Al 




2.88 


11 


A 1 A 
O . 16 


12 




2.86 


15 


A rv c 


11 




2.8A 


9 


5 . 72 


A6 




2.80 


10 


5.53 


13 




2.76 


20 


5. A9 


19 




2.73 


20 


5. 28 


12 




2.61 


19 


5.23 


12 




2.5A 


6 


5.03 


11 




2.50 


10 


^.86 


33 




2. A6 


7 


^ . 69 


8 




2.AA 


6 


A. 60 


8 




2.37 


6 


A. 56 


12 




2.3A 


5 


A. A9 


12 




2.32 


5 


A. 26 


lA 




2.27 


7 


A. 20 


12 - 




2.26 


6 


A. 10 


10 




2,20 


6 


3.99 


20 




2. 13 


8 


3.87 


6 




2.11 


9 


3.80 


17 




2,09 


8 


3. 70 


11 




2.05 


15 


3.67 


9 




2.00 


20 


3.57 


17 




1.95 


5 


3.52 


10 




1 .86 


7 


3. AA 


15 




1 .70 


5 


3. Al 


13 




1.65 


6 


3.32 


11 




1.62 


9 


3.27 


16 




1.62 


6 


3. 17 


8 
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3.2.3 Melting Rar 



D (Jl^ 


i A r e i . 




D 


(a) 


IZrel, 


1 /i 1 "5 


7 A 




3 


16 


15 


in A*? 

iU . 0 z 


29 




3 


08 


72 


Q Id 


51 




3 


03 


13 


V . J J 


51 




2 


90 


25 


8 . 35 


29 




2 


87 


36 


7.78 


36 




2 


85 


57 


7 . 33 


AO 




2 


82 - 


100 


7 , 06 


30 




2 


79 


25 


6.71 


83 




2, 


77 


33 


6,59 


60 




2 


71 


36 


6.23 


36 




2. 


69 


20 


6.14 


3A 




2 


65 


Z J 


5.82 


21 




2 


60 


30 


5.70 


20 




2 


57 


2A 


5.53 


A5 




2 


5A 


18 


5.U 


38 




2 


51 


15 


A. 98 


57 




2 


A5 


27 


A. 89 


■ 2A 




2 


A2 


22 


A. 79 


AA 




-) 


AO 


.15 


A. 62 


35 






31 


17 


A. 58 


20 




2 


27 


12 


A . A6 


30 




2 


25 


19 


A . 38 


67 




2 


22 


25 


4 . 29 


2 2 




2 


18 


15 


A . 18 


16 




2 


lA 


26 


A .03 


6^1 




2 


09 


23 


3.98 


35 




2 


06 


20 


3. 89 


20 




1 


99 


25 


3.83 


29 




1 


95 


21 


3. 75 


33 




1 


93 


21 


3.67 


86 




1 


.92 


18 


3.59 


18 




1 


90 


26 


3.57 


I 7 




I 


88 


18 


3 . 


13 




1 


8A 


12 


3. 38 


59 




1 


.81 


16 


3.35 


28 




1 


. 7A 


13 


3.27 


39 




1 


.71 


13 


3. 22 


3^ 




I 


. 69 


16 


3.19 


30 




1 


. 56 


1 A 



Melting po: 
alone or i 
made with ; 
bed by Rotl 
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black and ; 
In. mixture 
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m . p . of sa 
dine (180*. 

3 . 2 . A Differentia 

Dif lerent i; 
a Hettler 
with a hea^ 
about 25 m! 
grams of tl 
te foras c 
distinct p. 

anhydrc 



roonohyd 



pentaiiy 



Above 300** 
release of 
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3,2.3. Melting Range and Eutectic Teipperature 

Melting point determination of anhydrous lopamidol, 
alone or in mixture with suitable substances, vas 
made with a Kofler microscope operating as descri- 
bed by Roth (14). The product shows no change up to 
a temperature of 290* ; then the crystal becomes 
black and a slow decomposition begins. 
In mixtures with benzil, acetanilide , phenacetine 
and benzanilide, the compound does not change the 
m.p. of the mixed substances while it lowers the 
m.p. of salophen (186'; = 2.6") and cyanoguani- 
dine (180**; 4T -28.7*). 



3.2. A Differential thermal analysis 

Differential thermal analysis was carried out using 
a.Hettler TA 3000 calorimeter in the range 30-300*C 
with a heating rate of 10**/min and a purge (air) of 
about 25 ml/min (15)- Figure 7 shows the thermo- 
grams of the anhydrous, monohydrate and pentahydra- 
te forms of lopamidol which exhibit three clearly 
distinct patterns characterized as follows ; 

anhydrous form ; monotonous curve with a wide 

(1^0-220*) endothermic tran- 
sition of small intensity 

laonohydrate form : three endothermic transi- 
tions at 115" (AH <^ 55 J/g), 
250* and 265* the latter two 
not resolved, with AH of 
about AO and 67 J/g. The 
first transition is associa- 
ted with the loss of one mo- 
lecule of water. 



peiitahydrate form : four endothermic transitions 

at 87* (iiK <=^ 215 J/g). 117* 
(^H 55 J/g), 183* (^H 10 
J/g )and 255" (AH ^ 30 J/g) . 
The first two transitions 
are ascribable to loss of A 
and 1 aoles of wacer . respec- 
t ive ly . 

Above 300" all the forms -or-dergo decomposition ^--ich 
release of iodine. 
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3.2,5 Thei 
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3.2.5 Thermo^^ravimetric analysis 

TherraograviiDetric analysis of the anhydrous, the 
monohydrate and the pentahydrate forms of lopa^idol 
were carried out using a Hettler apparatus 
consisting of a thennoba lance TG50 . a TA processor 
TCiOA and a printer, in the temperature range 
30-200** and with a heating rate of iOVain (15), 
The results showed that the monohydrate forra loses 
2.0Z (0.9 moles of water) of its weight around 
108**. the pentahydrate 8.1% (4 moles of water) at 
80° and another 2,27, (1 mole of water) at about 
10^**, while the anhydrous form reinains unchanged. 
The behaviour observed is consistent with what 
deduced from differential thermal analysis. 



3 - 3 Solution prop>erties 
3.3,1 Optical rotation 



Optical rotation of an aqueous solution of lopami- 
dol was studied by Felder (16), who reported that 
optical rotation of a lOZ aqueous solution is quite 
low: (a]20*' ,589nin = -3.20*' ± O.Oi** and scarcely 
influenced by temperature : (alT,539 nm - 
-2.762*' ± 0.022 T ± 0.010" (20V T < AOM. In the 
region 589 ? 365 nn it resulted that the optical 
rotatory dispersion curve could be expressed by th^ 
single equation of Drude : (a]20,;^ = -0.6871'/ 
-0-056 ± 0.02^ C^= un). Moreover, the Author descri^ 
bed a ciethod for the determination of optical puri- 
ty of the product by enzymatic reaction with L- and 
D- lactic dehydrogenase following reductive dehalo- 
genation of lopamidol and subsequent alkaline 
hydrolysis, and also the possibility of increasing 
considerably the specific rotatory power of lopami- 
dol by complexation with Cu (II) ions in presence 
of alkali. A value of [a)20".636nm = 1^2.2" ± O.ir 
( c=2.5Z; water) was found for the complex ML2 
using a product with a purity corresponding to 93.9 
± 0.5Z of L form and 1.62 ± 0.19% of D forr^. 

3.3.2 Solubilitv in water 

The question of the wa t e r - so iub i 1 i ty of lopamidol 
cannot be univocally answered. 

In fact, in the same range of ter^pera tures , diffe- 
rent solubility curves exist according to the re- 
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spective nature of the crystalline phases at the 
equilibrium (Fig. 8). In the absence of any crystal- 
line phase at the start, even solutions of extreme- 
ly high concentrations (>>^00 mgl/ml), while being 
proportionally more viscous up to the limit of 
vitreous consistency, can last indefinitely without 
ever forming a new phase. 

Three crystalline phases, different as to their 
lattice spacings, molecular conf onaat ions » and 
degrees of hydration, have been isolated and 
characterized with various tecb-niques ( see 3,1.2, 
3.2.1, 3.2.2, 3.2.^, 3.2.5) and their respective 
solubility curves are depicted in Fig, 8. 



100 - 

80 - 

60 - 

*0 - 
I 

20 



3.3.2 Ionization constant 



The acid dissociation constant of lopamidol was 
determined by potent iometric titration in water 
(17). The pKa value is 10.70 at 25^. Accordingly, 
the pH of an unbuffered molar aqueous solution is 
5,3 and the degree of ionization at pH = 7,0 is 
only 0.027.. 

3.3..A Partition coefficient 



in 
in 



Partition coefficients were determined at 20** 
n-octanol/O.OlM phosphate buffer pH 7 . A . and 
n-butanol/O.OlM phosphate buffer pH 7. A according 
to Leo (18). 

The values fou,"id are given in Table 10. 



80 

60 - 

40 - 

20 



Table 10 
Partition coefficients at pr 



'.A and 20^ 



Organic phase 


? t sd 


n -Oc t ano i 
n - 3u z a no 1 


0.00:5 ± 0,000 1 
0.096 ± 0.005 



3.3.5 Density 20/20° 

Densities of aqueous solutions of lopamidoi were 

measured at 20' using a I ml Pregl pipette (i^). 

Iri Che concentration range c = 10t80 gZ ml the 



Fig. 8 - S 
1 



r "'.DER ET AL 



lOPAWlDOL 



991 



lases at the 
any crystal- 
I of ejctreme- 
while being 
he ILmit of 
Ltely without 

as to their 
mations » and 
.solated ajid 

( see 3.1.2. 
r respective 
3. 



opamidoL was 
on ' *n water 
A' rrdlngly, 
Lion is 
^^'= 7.0 is 



td at 20** in 
7 . A and in 
7 . A according 



.nd 20* 



.00( 

.or II 



li 



opaiuidol were 

pecte ( i A ) . 

80 gZ ml the 



100 - 

eo - 

60 - 
AO 
2Q 
0 



100 - 
80 - 
60 
^0 



100 - 

so - 

60 - 
40 - 

20 - 
0 




AnhyOfOus 



20 



^0 



60 



eo 



100 



MonohyCrate 



AO 



80 



i 

1O0 



PentanycJraie 



-) 1 — 

20 



Ti — 

40 



—I 

60 



— 1 — 
80 



992 



ERNST FELDER £TXZ. 

relationship was found : 
r=0 ^9?99;.°-''"' • ^ * 0.00035 ; 

'3.6 Refractive index 

The refractive index of a serie-; of 

^lo.'/'ir'"' '^-'-°^^^'P found in the c = 10 

+ 0.0016386 . c t 0.000S5Tl=o:999ll,[ ° = 

•3*7 Viscosity 

Viscosity measuren^'^t"*; r^f 

solutions Of lopa^idorwefe clrATd^^.t ^/t zT^"d 

120« for 30 TiJllll"'"''^ """''^'"^ sterilized 
Table 11 lists the raean values found <19). 

Table 11 

lopajnidci viscosity data 



Concentration 
(mgl/rai) 


n Viscosity. (raP. s"^) 


20" 


37** 


100 
150 
200 
250 
300 
370 


1 .6 
2.3 
3 . 3 
5.0 
8. *3 
18 . ^ 


1 . 1 
1.5 

2. I 

3. 1 
^ . ii 
9.0 



equations : ' tollowmg exponential 

0.009.C 



^20 

^ = 0.593 



I 37. 



0.^75 



0.008. c 



r = 0.989 
= 0. 99i 
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3-3.8 Osmotic p r 

Osmolality 
coef f icien 
lopamidol , 
min, were 
Mod" 3 W 
pressure 
osmometer ) 
carried ou 
with aquec 
reported i 



lopamid 



Concen tr a 


raol/1 


mol/kg 


0 


.263 


0.291 


0 


39A 


0. A59 


0 


525 


0.6^6 


0 


657 


0.857 


0 


788 


1 .092 


0 


972 


1 .^79 



(*) does not f 



Vapor pressu 



Concen t ra t 



mo 1 / L 



0. 263 
0. 396 
0.525 
0.657 
0. 788 
0.972 



moI/Kf 



291 
659 
666 
857 
092 
679 



( ) 



Osooo L a } 
Osrao t 1 < 
Osmo t i < 
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^•J-o Osmotic properties 

tnin. were determined both by cryoscoov fii ° 
Hod 3 W II. Advanced InstrLentsr a' ci iy ZlT 
pressure loeasure^ents (Knauer, vapor LZ? " 
os.o.eter); in the latter case ' ^easSrLents C^^! 
carrxed out at 37' after calibrating the instr^:^^ 
with aqueous mannitol solutions (20). Values ar! 
reported in Table 12 and 13. ^""^ 



Table 12 

lopajnidQl Osmometric data by cryoscopy 



Coi 


"icentrat 


ions 


Values 


found (23) 


raol/1 


mol/kg 


g^l 


mgl/ml 


(osmol/kg) 


(atm) 




0,263 
0.394 
0.525 
0,657 
0.788 
0.972 


0.291 
0.459 
0.646 
0.857 
1.092 
1.479 


20.4 
30.6 
40.8 
51.1 
61.2 
75.5 


100 
150 
200 
250 
300 
370 


0.236 
0.346 
0.465 
0.594 
0.740 
(*) 


6.01 
8.81 
11.8 
15.4 
18.8 


0.81 
0.75 
0.72 
0.69 
0.68 



(*) does not freeze 



Table 13 



por pressure osmometric data of lopanidoi at 37« 



Gon( 


::entrat i< 




Values found 


mol/L 


mol/Kg 


gAral 


Qgl/ml 


ifvm (*) 
(osmol/Kg) 


TT (**) 
(atm) 




0.263 
0.394 
0.525 
0.657 
0. 788 
0.972 


0.291 
0.459 
.0.646 
0.857 
1 .092 
1 .479 


20.4 
30.6 
40.8 
51.1 
61.2 
75.5 


100 
■150 
200 
250 
300 
370 


0.224 
0.318 
0.416 
0.513 
0.620 
0,799 


5.70 
8.09 
10.6 
13. 1 
15.8 
20.3 


0.77 
0.69 
0.64 
0.60 
0.57 
0.54 



Osmolality = ina/v^d, (:i.22) 
Osciotic pressure = v vmKT 
Csn:ocic coefficient 
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The explanation of the fact that the cryoscopic 
method yields higher values, lies in the non-ideal 
behaviour of lopamidol solutions. Studies carried 
out on 0.1 r 1.5 mol/kg. lopainidol solutions using 
the classic cryoscopic method for freezing point 
determination (2A), confiriBed this tendency and 
also shoved that the composition of the solid phase 
which separates upon freezing, e.g. from a solution 
at 370 mgl/ml, is virtually unchanged with respect 
to the starting solution. A similar behaviour was 
previously observed by B(5rdalen (21) in his study 
on the osmotic properties of aqueous solutions of 
conventional contrast media. 

For these reasons we consider that, for this class 
of compounds, data obtained with the vapor pressure 
aethod are more reliable, 

^•3.9 Surface Tension 

The surface tension at 20« of a series of lopamidol 
aqueous solutions was determined using an 
interfacial tensiometer according to Lecomte Du 
Nouy (Krjss), 

Values recorded ircniediately after preparation of 
the solutions (time zero) and after an equi li br iuin 
period of 16 hours are reported in Table l^. 

Table 1^ 

Surface tension at 20** 



lopanic 


ioi zop.cent: 


'at ion 


Surtace tension 
(dyne/cm) 




c ^ I / 2 i 


raol/L • 


Start 


Equi i ibrium 


10. 2 

^0.8 
61.2 
81.6^ 


50 

■ iOO 
200 
300 
uOO 


0.131 
0. 263 
0.525 
0. 788 
I .051 


68 . 7 
65.3 
60. 7 
59.0 
58.3 


55. 6 
52. 5 
51 . 1 
50. 8 
50. 6 



3.9.10 Crl-.ical Mic elle Concentration (c.m.c.) 

Cr i L 1 ca : ■ xice 1 le. concentration value of . .1 opajn ido 1 
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ace tension 


dyne/cm) 




"Equil ibr ium 




55. A 




i\\ 52.5 




W.. .51.1 




50.8 




50.6 



n.c.) 

lue of lopamidol 
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in water was determined accordinR to thp 
"spectral variation" descrlho^^ ^ "oechod of 

Eosin Yellowish. Rodaline 6G ,nd' ^T""" 
ride. Th.e results are listed in Tabula""' 

Table 15 



Dyestuf f 


Analytical 
(nm) 


c .m. c . 


g.^ ml 


mol/L 


Eosine Yellowish 
Rodamine 6G 
Pinacyanol 


532.0 
5A3.5 
619.0 


3.8 
. 3.8 
2.8 


^.9.10"2 

5,0.10 ; 

3.6.10"^ 



^ • SYNTHESIS 

syr^thesls, which was developed by 
Felder (3) ana is outlined in Sche=>e 2, the 
starting product aminoisophtalic acid (I) is firs^ 

J^d^lo-^^^^^^ - e^ttrto-.lar/la^- 

(VI? To CO 0-acetyl-L-lact?c ^ciS 
Vin ^°"<i.^.""tion With 2-a«inoprcpan-1.3-diol 

'nnll proTcT Vx)^"' transformed into the 

During developn^ent of the synthesis on the 
industrial scale. each single step was furt^^r 

ord2; t " T ^"'^ optimized Vn 

order to reduce to a minimuin the possibility of 
by-products fonnation and of racemization . 

SCHEME 2 
lopamidol Synthesis 
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co-^m-cH ^ 



ch -ch-cohn 
6h 




o 

I 

(X) 



^CH.OH 

CO-NH-CH 



STABILITY AND DECTAnATTnM 

Under normal storage- conditions lopa^idol is stable 
at room temperature. ^i-aoxe 
The main potential degradation routes of the 
rF:?der"(Z6;.'"'^^'^^'^'^ formulation were reported 

METBQDS. OF ANALYSIS 
Elemental analysis 



Eleraent 


Zcalc . 


%f ound 


C 


26.27 


26.40 


H 


2.85 


2.94 


N 


5.41 


5.66 . 


I 


49 .00 


48.98 


0 


16.47 


16.22 



6 • 2 Identification tests 

The identification of lopamidol can be carried out 
according to the following methods : 

a) heating on a flan>e about 50 mg of product in a 
tube : violet iodine vapors are evolved. 

b) the UV spectrun, of a solution ccncaining abouc 

mg/1 ot product in pH=9 phosohate buffer 
shows an abosorption maximum at 162 na ( E 1% 
1 CD) 380 ) . * ' 
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Table 16 
TLC daca for lopajnidol (28) 



So Ivenc 



I 

II 
III 

I ^* 

V 

VI 
VII 

VI :r 
rx 

X 

XI 
XII 



Rf 

a 




0. 18 


0,24 


0. 39 


0.30 


0. 58 


0.52 


0. 26 


0. 30 


0. 28 


0. 21 


0, 28 


0, 30 


0.43 


0.47 


0.31 


0. 30 


0. 36 * 


0. 36 


0.62 


0.72 


0,45 


0.45 


0. 32 


0 . U 
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II 
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5 


A : 


2 
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15 
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2. 
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II 


VI 
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II 


VII 
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IX 
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sec-ButOH : iso-PrOH: 25Z NH^ 5:2:3 



C H COCH^ ; n-PrOH: EtOH : 
C^H^eOCH^ ; CH^COOH : H^O 



CH^COOC^H^: CH^COOH 



H^O 



10:1:2:7 " 
15:3:5 
5:2:1 



Detection 

. Ultraviolet (25A ma) 

- IZ aqueous starch and subsequent exposure to 
Xjy light (25A nm) to give brown spots. 

The best results in terms of separation of lopami- 
dol from its principal potential impurities were 
achieved using solvent system I with support a. 

^'^'2 Hii^h Pre ssure Liouid Chroma to<;raphv 

The following HPLC method was developed for quali- 
quantitative determination of lopamidol and of its 
by-products (29) : 



Apparatus 

Co lumn 

In jecc ion 



: HPLChroraatograph H.P.108AB 
with variable wavelength 
detector set at 2^0 nm 

: Lichrosorb RPlS-Sum : ix250 mm 
: 20 ul 
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6.5 



Eluant A 
Eluant B 
Flow rate 
Gradient profile 



water 



: methanol 25Z in water (v/v) 
: 1.5 ml.min'^ 





ZB 


0 


7.5 


6 


7.5 


18 


35.0 


30 


92.0 


3^ 


92.0 


37 


7.5 


^2 


7.5 



column recondi- 
tionir.g 



Column temperature : 35' 



- Retention time of lopamidol : -s- 7 . 5 min 
Analysis of impurities 

Ln"".^'" °^ '^^^ -"^^^^ probable potential 

impurities arising from lopanidol synthesis were 

a^d"sfr^t"^f°'' ^^hromatographically (TLC. HPLC) 
and ^t"^^"^^!!/ using spectroscopic methods, i e 
"V, IR, H-NMR, FAB/MS (30). 

^•5-1 Free aromatic aminp 

A manual method (6). based on the class -"c 

:^:Tr^:^ ^'^^^^^^-^ - Britt:;^^:; 

arllr ^""^ de tenni na E ion of free 

rouMn^ ^r"' P-«<i-e was automated frr 

-t-s injectable formulations (31). 
^■^■■^ '''-ge iodin e and free halides 

or:n'°ao7ic''(H's'o"r' -fraction vich toluene 

(2g/30 In To, 2^^^ aqueous solution of lopa^idol 
irlJl M' '""^'^ rei^ain colorless (6) 

'^'^^^'^^^ ^'^^^^^on of\ no, to 

acidic aqueous solution of Jr.^^rr.iA^^ ^ ^ 

comparison of its Curb id i t y . ^ th ,h r T / . 
conta^nir^o , I. ^i^y \^xth that of solutions 

conta.nxng a knovn amouiic of chlorides (6). 
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The metabolic fate of lopamidol vas studied < 
rabbits and dogs after intravenous and intrath.c'^ 
adininistration ( 32. 33, 3^ , 35). intrathecal 

Both species excrete the' compound unchanged, -as 
den^onstrated by thin layer chromatography of the 
urine and bile and by isolation from urine Hul^l 
studies (3.. 36. 37) have shou-n that Iopa;rd61^:3 
not undergo any significant biotransformation or 
deiodmation after intravenous as veil as after 
intrathecal administration. 

7 * 2 Pharmacokinetics 

Several authors (32. 3A. 35. 38, 39. AO, Ai, A2) 
studied the pharmacokinetics of lopaiaidol in va- 
rious ajiimal species both after intravenous and 
after intrathecal dosing. 

When administered intravenously, the compound di- 
stributes to a volume equivalent to the extracellu- 
lar fluid and is filtered almost exclusively by the 
kidneys. Also after intrathecal administration lo- 
pamidol is eliminated rapidly through the kidneys. 
The results of human studies (3A, 36, 37, 43, ^^^^ 
A5. 46. 47) are in general agreement with the' data 
obtained in experimental animals. After intravenous 
injection the pharmacokinetics of lopamidol is best 
described by an open linear, tvo-comoartmen t model. 
The average plasma elimination half-life is about 2 
hours. The volume of distribution is approximately 
equal to the extracellular fluid volume. lopamidol 
is excreted predominantly through the renal route. 
Fecal elimination averages IZ or less of the dose, 
indicating minimal biliary excretion. 
The distribution and elimination kinetics of lopa- 
midol after intrathecal injection vas assessed by 
densitometric CT readings and by iodine assay of 
blood and urine (43). 

CT readings were maximal at Ihr in the lumbosacral 
subarachnoid space and at 6hr in the cervical 
region. 

Peak plasma levels were observed at 2.9 hr and were 
no longer detectable at 48 hr. The 43 hr urinarv 
recovery averaged 66 r 8/" . ' 
After oral administration to the rae. lopariidol was 
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eliminated vithin hZ hr almost totally by the fecal 
route and only negligible amounts were found in 
urine (A2), 

7 --B Protein Binding 

No binding of lopamidol to plasma proteins and CSF 
proteins of dog and rabbit was observed (32). Human 
serum protein binding averaged less than IZ at Ihr 
postinjection (36) . 

^' pgr EKKTHATIOM OF IQPAKTDQL IK BODY mJIDS ANT^ 

TIS SUES ~ *~*~~— - ' - — 

Host methods for assay of contrast media are based 
on the assumption that the amount of contrast 
medium in the sample is proportional to its iodine 
content . 

This assumption is valid also for assay of lopami- 
dol in body fluids and tissues, since the injecta- 
ble solutions contain only negligible amounts of l' 
and^ no appreciable deiodination occurs in vivo 

A survey on methods for assay of iodinated contrast 
media has recently been published (^9). 
The fclioving methods have been reported for assay 
or lopamidci : / 

8 • 1 Color i. -net rv 

A fuiiy a^cotr.aced colorimecric method, origina'-y 
developed for the determination of protein bound 
locme (P5I) (50. 51). has been applied by several 
authors (32, 36. 36, A6 , 60) for assay of lopamidol 
in p:asr;a, urine and CSF. 

8 • 2 X-Rav Fluorescenc e 

X-ray fluorescence analysis, developed for detenr.-- 
nation ot iodine in vitro (^8,52) and in vivo (52, 
53, 6i) was also utilized in several pharmacokine- 
tic studies with lopamidol (36, 63 56 SS ft? 
63, 66, 65). ... J., ui, 

Experimental details, precision and accuracy of 
X-ray fluorescence analysis of lopamidol in body 
tluios and tissues by excitation of the La line of 
Iodine are reporced by V.Lorusso et al. (55). 
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The hxgh sensitivity . of neutron activation 
analysis, which allows the measurement of iodine 
concentrations as low as 0.02 ppm. was used by O 
Muratore et al,(^,0) for the study of iodine levels 
in different tissues of rats up to 62 days after 
injection of loparaidol. 

8 . A Radioactive labeling 



125 

Both '""^I- and 



C-labeled lopaxnidol have been 
employed for study of its phkraacokinet ics and 



tis^i^ distribution { Fran^^ini I (A5), Kivis 



ri " I (56),. Rosenbaum 
(36)]. 

CT-Densitome t r v 



C (39), He Kinstry ^^C 



Although less sensitive than the above mentioned 
methods, CT-dens i tometry , i.e. X-ray absorption 
measurements during computerized tomography, has 
been successfully utilized for evaluation of 
lopamidol concentrations in vivo and in vitro (38 
57, 58). 

HiRh performance liquid chromatography [HPLC] 

A specific and precise HPLC method for assay of 
lopamidol in urine, plasma and CSF, applicable in 
the range 5-1000 ncg/ml for urine and 0.5-5000 
mcg/ml for plasma and CSF ' has been reported by 
E.Felder et al. (59). 

HPLC was also employed in the studies of D.Pitre et 
al. (37) and D.Mc. Kinstry et al . (36). 
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INTRODUCTION 



lopamidol (S)-A/-^'-bis-(2-hydroxy-l-(hydroxy- 
methyl)-ethyl)-5-[(2-hydroxy-l-oxypropyl)-amino]-2- 
4-6-tntodo-l,3-benzencdicarboxamide,'° a new non- 
lonic water soluble contrast medium, is widely used in 
angiography ' and mielography/"' During studies of 
Its synthesis, carried out under different experimental 
conditions, several by-products, compounds 2, 4 5 and 
7-9, have been isolated. 

In a-previous paper" the mass spectral behaviour of 
lopamidol and its derivative using different ionization 
methods was described and the spectral data obtained 
were found to be mutually complementary. Conclusive 
information was obtained by using the fast atom bom- 
bardment (FAB) technique.'^ In this paper the same 
method -IS extended to the above mentioned com- 
pounds; their FAB spectra are reported and their frag- 
.nentation patterns discussed. Identification of these 
products was confirmed by synthesis as described in the 
experimental section. 



EXPERIMENTAL 



Apparatus and methods 

nM? ^l^^^'^ °^ compounds 2. 4. 5 and 7-9 were 

J^^Mg^y^e?^^ ^ -i^in^ 

onTnlvJ^^T'f '■°'?.^'°2''^P^'^ analyses were carried out 

solven systems as a developing 

B r» J,^)^CHa3:CH30H:NH3 25%=6-3 1 
CH COr'?PS^"^ ■ ^'"'O" 25% =2:1:1 (Q 

ith Hibar PT " , 1084-B mstrument equipped 

Hibar RT columns packed with Lichrosorb RP- 1 8. 

"CI v,rwK, eorso Slati Uniti. 4.padova. Iialy. 



5 M.m, Merck. TTie eluants were composed of water 
(Solvent A) and 25% (v/v) acetonitrile/water (Solvent 
B). A flow rate of 90 ml h"' and the following gradient 

profile were used: 



Time 
Imin) 

6 
18 
30 
34.5 



V.B 

35 
92 
92 



Slop 



'HNMR spectra were recorded on a Varian XL-lOO 
insiniment operating at 100 MHz. Samples were dissol- 
ved m DMSO-^H6. UV spectra were obtained by a Gary 
I; specirophotomeler, IR spectra were taken by using 
a Perkin-Elmer 257 spectrometer in KBr pellets. 

Synthesis 

The general scheme of synthesis (Scheme 1) for the 
preparation of the by-products of lopamidol is reported 
ilic startmg materia] is 5-amino-2-4-6-triiodoisoph- 
thaljc acid dichloride (1) which reacts with 1,3-dihy- 
droxy-2-amino-propane to give product 2. In order to 
obtam the other compounds, the dichloride (1) is trans- 
formed mto the corresponding acylaminochoride (3) 
trom which, through a reaction with l,3-dihydroxy-2- 
ammopropane and according to the acylaraino group 
present, lopamidol and products 4 and 5 are obtained 
Treating the chloride (3c) with 1 mol of 1,3-dihy- 
droxy-2-aminopropane yields the hcmichJoridc (6) 
which IS further transformed into the asymmetric amides 
7 and 9 and the acid 8. The conditions used for these 
transforrriations are similar to those reported in earlier 
studies. 

Chromatographic and spectroscopic data 

A^.A^'-bis-(Cl,3-dihydroxy-2- propyl). 5- amino] -2-4-6- fri- 
iodoisophthaldiamide (2). m.p., 259-260 dec. (from 
water); TLC, 7^,0.25 (A): HPLC. fa=12.5min. UV 



y Hcydcn Ltd. 1983 
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CO-Ci 



CH-OH 



CHjOH 




CHjOH 
CHjOH 



CHjOH 



CHjOH 



lopomidoi R = CH,CH-CO- 
OH 

4 R=CHjCO- 

5 R'-HOCHjCO- 



CH,CHCONH V CONH-CH 
I I 

0« (6) 



COX 




CH.CHCONH 

^ 1 I 
OH 



CON'HCH 



OH 
I 



^CHjOH 
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8 X : -OH 

9 X = -NH, 



Scheme 1. Synthetic rouies \o by-products in topamidol synthesis. 



231.5 nm (e- 30,500), 319.5 (e = 5200) in MeOH. IR 
3415 and 3325 (v„, v. NH^). 3380 (vOH) 3285 and 3060 

i I .^H, amide). 1.630 (vC=0, amide) 1550 (6NH + vCN. 

11 -nide), 1070 and 1050 cm"' (vC— O aclohol). 
• INMR: 5h (ppm) 3,4-4.0 (lOH, 4CH2O + 
^ CH— N,m); 4.4 (4H, 40H, exch., m); 5.4 (2H, NH2, s, 
broad); 7.45 (IH, CO-NH, d); 8.0 (IH, CO— NH. d).. 

A^,A^'-bis[(l,3-dihydroxy-2-propyI)-5-ace(flmido]2-4-6-tri- 
iodoisophlhaldiamide (4), m.p., 286-288 **C dec. (from 
CH3OH); TLC, i?( = 0.19 (A); i?r-0.38 (B); HPLC, 
(n = 9.0 mln. UV, 24 1 nm (e 29. 500), CH3OH. IR, X„,„ 
3380 (vOH); 3250 (vNH, amide); 1635 (vC=0, 
amide); 1545 (8NH and vCN, amide); 1045 (vC— O, 
alcohol). 'HNMR, 5„ (ppm) 2.0 (3H, CH3CO. s); 3.0- 
4.0 (lOH, 4CH2-0+2CH— N, m); 4.44 f4H, 40H. 
exch., s, broad); 7.54 and 8.15 (2H, Ph-CONH, s, 
broad); 9.8 (IH, Ph-NH— CO, s, large). 

A', A^'-bis(l, 3-dihydroxypropyi)-5-hydroxyace(amido-2-4-6- 
triiodoisophthaldiamide (5). TLC, ;^( = 0.38 (C) (UV); 
HPLC, rR.= 4.4 min. UV, 241 nm (e 29.250), CH3OH. 
\ 3390 (vOH); 3240 (vNH. amide); 1645 

^=0'_amidc); 1535 (5NH and vCN, amide)* 
1050 cm (uC-O, alcohol). NMR, 8„ (ppm) 3.2- 
3.9 (IIH, 4CH,0 + 2CH-N-f 1 OH. m); 3.99 (2H, 



CH2CO. s); 4.48 (4H. 40H, s, exch); 7.54 and 8.16 (2H, 
Ph— COHN— ); 9.70 (IH, Ph— NHCO. s). 

S{-)'N' (2,3-dihydroxy-l-propyl)-N'- (1,3- dihydroxy-2- 
propyl) - 5 - [(2 - hydroxy •I - oxypropyl) - amino] - 2 - 4 * 6 - tri- 
iodoisophthal-diamide (7). TLC. Ri = 0.25 (A); Rt = 0.65 
(C); HPLC, rR = 8.5min. UV, 242 nm (e 29,000) in 
water. IR, 3360 (vOH); 3260 and 3080 (vNH, amide); 
1650 (vCO, amide); 1550 (SNH + vCH. amide); 1120 
(vCO sec-alcohol); 1045 (vCO p-alcohol). 'HNMR, 
5H (ppm) 1.4 (3H, CH3. d); 3.1-3.8 (lOH. 3CH2-O + 
CH— N-fCH— C, m); 4.09 (IH CH— OH, q); 4.47 
(3H, 30H s, exch); 4.65 (IH, OH, exch); 5.62 (IH, OH, 
I, exch); 7,66-8.45 (2H, 2Ph-CO— NH, m, broad); 
9.96 (IH. Ph-NH— CO, s). 

S (-) - A^- (1,3 - dihydroxy - 2 - propyl) - 5 - [ (2-hydroxy-l -oxy- 
propyl)-amino]-2-4-6-lriiodoisoph(haIamic add (8). m.p., 
285 "C. (dec); TLC, Rt^O.Ol (A); i?f = 0.27 (C); 
HPLC, rR = 0.9 min. UV, 242 nm (e = 30,000 in 
McOH). IR, 3340 (vOH); 3260 (vNH. amide); 2500 
(vOH, acid); 1678 (vCO. acid); 1650 (vCO, amide); 
1518 (5NH + vCH, amide); 1135 (vC— O sec-alcohol); 
1038 cm ^ (vC— O p-aJcohoi). *H NMR. 5H (ppm) 
1.39 (3H. CH3, d); 3.5-6.5 (4H, 30H — COOH, broad, 
exch); 3.60 (4H, 3CH2-O, m); 3.80 (IH, CH -N. I); 
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[m^t H ^ Glycerol] 




— Gly^ctrol 



CH-OH 



-fGlyctroI -H) 



CH jOH 



CH 2OH 




-HI 
(not foi 2 ) 




Scheme 2. FAB Mass spectral fragmentation behaviour of byproducts i 



tn iopamidol synthesis. 



1.15 (IH, CH-, q); 8.18 (IH. Ph-CO-NH d) 9 64 
(IH. Ph-NH-CO, s). '^1-1. aj, y.64 

A'-(1.3-dihydror7-2.propyl).5.((2-hydroxy-l-oxypropyl). 
Bmino]-2-4-6-lniodoisophthalflmide<9). m p 115-1 18 °C- 
TLC. ;?, = 0.24 (A); HPLC. ,^ = 6A min"."uv 242 nni 
(e=: 27,200) in water. IR. 3320; 3180; 3070 (vOH + 
vNH); 1670 (vCO. amide); 1530 (5NH + vCN amide)' 
1120 (vC-0. sec.-alcohol); 1045 (vC-O, p'alcohol) 
cm . H NMR, 6H (ppm) 1.38 (3H, CH,- d)- 3 40- 
4-.0 (5H. 2CH,0 + CH-N. m); 4.18 (IH. CH-o' q)- 
4-45 (2H. CH,-OH, t); 5.60 (IH. CH-OH s 
broad exch); 7.62 (2H, Ph-CONH,. s. broadlT? 97 
and 8.83 (IH. Ph-CO-NH, d)- 9 70 flH 
Ph-NH-CO. s, broad). ' ' ' 
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RESULTS AND DISCUSSION 



.•he FAB mass spectra of compounds 2, 4, 5 and 7-9 

"ZltT be seen, protonated 

^olecular^.ons are always present, while the [M + H-^ 
Glycerol] speces already found in the FAB mass 
spectrum of Ioparn,doI.>^ are present in the spectra of 
compounds 8 and 9 only 

rJ?9H' n^f ?Vx^"^''" present corresponding to 
mia^.:r}JV' tj^-^^H-zr (b) and [M + 4H -31]^ 
(/}. Ions of this kind are commonly observed in CI (NHO 

ZllfTTT'^ ^"bstitution reaction may 

s we T •° '"^'^'^"l^^ reaction in gas phase 

s well as m solution. This surprising behaviour, surely 

the ftirnw-'""- '"^P""^'«- -ell be explained by 

inc lollowing equation: 
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Fab 



M + Glycerol ^ [M-complex] Glycerol 

[M + Hr 
[M + 2H-I]* 
[M + 3H-2i]^ 
[M + 4H-3I]* 
[M + H+glyccrol]" 
i.e these deiodinated and hydroeenaterl cr,..- 

ani'the co"" ^ T'^'''' ^--ati^^" Ktt ^r^^crcJi 
and the compounds under study which in FAR 

OJ compounds 2, sVn/^1!,,rZ lu."?o 

compounds 8 and 9 We are inMiJ^ V^ ? ^ ions of 

'roT''^ i-e^ su;pon"e^'ry^ : x:::rof 

-o-'d i^n ScL^r^^ 

C,H No"°r.n'° °f '°"s a, b and/, losses of 

w?th H " ^°'''«P°"dmg to CO-NH bond cleavage 
with H rearrangement, are also present (ions a. . and 

fr,?'^","'-"°'" '^<^<=°r"POsi''on processes absent in the 
ragmen at.on pattern of compound 2 only are due to 
loss of from ions t (ions g) and HI loss'lrom ts ° 
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lOPAMIDOL 
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Derniere mise a jour : 18/6/1999 
Etat : validee 

• Identification de la substance 

• Proprietes Pharmacolo ^iques 

• Mecanismes d'action 

• EfFets Recherches 

• Indications therapeutiq ues 

• EfFets secondaires 

• EfFets sur la descendance 

• Pharmaco-Dep endance 

• Precautions d'emploi 

• Contre-Indications 

• Posologie & nm ode d'administration 

• Pharmaco-Cinetiq ue 

• Bibliographie 

• Specialites cont ena nt la substance 

Identification de la substance 

Formule Chimique : 

N,N'-BIS(HYDROXY-2 HYDROXYMETHYL-1 ETHYL) TRIIODO-2,4,6 LACTAMIDO-5 
ISOPHTALAMIDE. 

Ensemble des denominations 

BAN : lOPAMIDOL 

CAS : 62883-00-5 

DCF : lOPAMIDOL 

DCIR : lOPAMIDOL 

USAN : lOPAMIDOL 

bordereau : 2728 

code experimentation : B- 15000 

code experimentation : SQ- 13396 

dci : iopamidol 

rINN : lOPAMIDOL 

Classes Chimiques 

• lODE DERIVE 

• ISOPHTALAMIDR 



http ://w\vw.biam2.org/www/Sub695 .html 



1 



ragina 2 cn ^ 



V 



Proprietes Pharmacoln gignfts 

1 • PRODUIT D H CONTRASTR {principale certaine) 
Produit de contraste monomdre triiode non ionique. 

2- PRODUIT DE CONTRASTF. TOnP {principale certaine) 
Produit de contraste triiode non ionique de basse osmolarite. 

Mecanismes action 

1. principal 

Produit de contraste iod6e non ionique. 

L'absence de dissociation de la molecule serait responsable d'une reduction des efifets 
indesirables 

Effets Recherches 

1. PRODUIT DE CONTRA STE (prinnipnT) 

Indications Therapeutiq ues 

1. AN GIOGRAPHJE (prinnipalf-} 

2. ANGIOC AR DIOGRAPHTE (prinr.ipn1f>\ 

3- ARTE RIOGRAPHIE (principnlp\ 

4. CORO NAROGRAP HTE (prinripnlt^) 

5- mOGRAPHIE INTRAVETNF.TTSR (pHr,r{pnl^) 

6. HYSimOS ALPINGOGRAPH IR (pHnripnl^^ 

7. S ACCORAD ICULOGR APHTF. (pHr,ripn1^^ 

8. MYE LOGRAPH IE (prinr.ipnlp) 

9. CIS.TER NOGRA PHIE (principnlf) 

Effets secondaires 

1- SENSATION DE CHALET TR (CERT A mHAKi^ 

2. IQUX (CERTAIN RARE) 

3. CEPHALEE (CKRTA m ) 

4. RASH (CERTAIN RARE) 

5. UKnCAJm (CERTAIN RARE) 
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6. mWX (CERTAIN JiARE) 

QED^^ PES PAT JPffiRES (CERTAIN TRES RARE) 

8. MMJSEE (CERTAIN TRES RARE) 
Signe annon9aiit un accident severe. 

9. ypmSSE^^m (CERTAIN TRES RARE) 
Signe annon9ant un accident severe. 

10- OEDEME AN GIQNEUROTTO T TR (rF1?TJ TRES KiRE) 

11- mmCmSPMm.(CERTAIN TRES RARE) 

1 2. CRISE CONYULSIVE (CERTAIN TRES RARE) 

13. COIXAPSUS CA^mm^^CULmS.(CERTAIN TRES RARE) 

14. PmmCMmhOm (CERTAIN TRES RARE) 

15. m:iTm^(CERTAIN TRES RARE) 

16. SYNDROMF, MENTNGF. (rPTiTA w ) 
CondUion(s) Exclusive(s) ■ 

VOIE INTRATHECALE 

INSUFFISAN CERE NALE(-AGGRAVATTnM) (rrrtfT^ j^r^ 

Condition(s) Exclusive(s) ■ 

DIABETIQUE 

A la suite d'une coronarographie : 
-Am J Med 1991;89:615-620. 

Effets sur la d escendance 

^- BgQBMMIQNMAlNOUANTE DANS T .'R.^PPCE HlTMAn^ 

2. NON TER ATOGENF. CHFZ T ■AT<rTA/f at. 
Etude chez le rat, le lapin. 



1. NON 



1- GROSSESSE 



Pha rmaco-Dep endanre 



Pr ecautions d'em plni 



2. ANTECEDENTS AT J PT^ gtht 
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avec riopamidol qu'avec I'ioxaXe ^"^'^'"^"^ ^'^^^ «^«i"dre 

- J Am CoU Cardiol 1992;19:899-906. 

3. ALLERGTP. AT.'Tonp 

4. INSUFF IS ANCE REN AT P 

Contre-Indications 

1. ALLAITRMFNT 

Posologie et mode d'administration 

- En angiographie: 

^En mogr^We""^' ^ employer sont variables seion le type d'examen. 

iil^S^^^^^^ ^" ""'^ ' '^^^^^^^ ^^"^^ -j^^ ^ ieuB sans 

- En neuroradiologie: 

^e^ctLtir.'*" ' " ' ^ ^-^'l- ^hoisieXe produit sera . 

Pharmaco-Cinetique 

- 1 - DEMI VIE 2 heure(s) 

- 2 - ELIMINATION voie renale 

Repartition 

Liaison aux proteines plasmatiques n^gligeable (1%) 

Demi-Vie 

2h. 

Metabolisme 
Non metabolise. 
Elimination 
Voie renale: 

30 et 80% de la dose inject^e sont 61imin6s dans les urines respectivement en 1 et 8 h. 

Bibliographie 

- JNeurosurg 1991;74:60-63. (EFFETS SECONDAIRES)* reactions allergiques. 

Specialites 

Pour rechercher les sp6ciaUtes contenant cette substance, consultez le site ww^yidaLfe 
fu'vame'sT*'^^"^*'"* ^" constituant unique dans les specialites etrang^res 
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Foiidamenti sui mezzi di contrasto iodati e reazioni avverse 

G. P. FEITRIN - M. ZANDONA - V. BORILE - C. REn ORE - D. MlOn O 



Introcluzione 

sviluppo del mezzo di conlrasio (MdC) 6 iniziato noco 

CO to die la maggior parte delle slruUure del coipo umano ri- 
sullano invisibili e perianlo non documenlabiJi a causa della 
scarsa rad.opac.ia. Ma I'analoga necessity si e ripresenlala con 
I introduzione di altri principi lisici ed altie nietodiche dia- 
gnosticiie, qua 1 T Ultrasonografia e la Risonanza Magnelica 
L impiego dei mezzi di contrasto 6 stato guidato dalla ne- 
'^^u ev.dcjiziazionc anatomica del! 'apparato da stu- 
diaic, dalla sua funzione e dalla via di somministrazione del 
mezzo slesso. Moito presto I'attenzione si pose su due ele- 
menti Che rispondevano bene alia necessitil del contrasto ai 
agg. X. il [wio nella Forma di solfato e lo icxlio. Quest' ultimo 

orlIll^,'c "r^^T^'^'""''"™''''''"'' P«='' endoveiiosa come sale, 
lodi o sodico loduron®, con risultati non .nolto dissimili da 
qiiell. ottenuti con i MdC realizzati successivamente. 
tolleraS 'lose uf'lizzata e 

Nelle immagini radiologiche la duplice esaltazione di con- 
l.asto delle compoiienli anatomiche e funzionali di un ai)- 

Sr.rnl'.itl'M'r'"''-'' Poichfe la somministrl 

z O.K, sr. utla la lAuizione specifica deirapparato stesso, cost 
Che Id presenza, la concentrazione e la sconipaisa dello stesso 
mezzo d, contrasto iluisce i^y dare inibrmazioni sul fetionier'o 

I nz>onale (ad esemplo la vascolarizzazione di un organo o 
I escrezione del mezzo). *' 
Particolarmenie con le nuove tecniche d'immagine sia 

nediantc radmz,on, X chesegnali di campi magnedei cl,; uU 

csaltato la potenzialitfi diagnostica e la qualiti. delle inda- 
fional^ anatomiche che per quelle fun- 

crom'r^IiTJ'""!' ''"«l°'."^"i«rfologiche. Realiz.zi,ndoun in- 
oremento di contrasto si otiengono: 

— variazioni di concentrazione nei divers! tessuti- 

onnT.yrr '.'='"P°^«" «Pacita o dell' intensity di se- 
gnale degli stessi tessiiti; 

— variazioni dclla qualita del segnale del MdC e della 
separazione tra diversi componenti dci tessuti 

Visualizz^izionc di funzioni: 

— escrezione-eliminazionc renale, biliare- 

hiIiT,i'?f f^' 'Psporto: circolazione ematica. urinaria, 
Diliaie, contenuto intestinale- 



- diffusione, tlssazione (enhancement), sconipaisa (wash- 
out), barnere tissutal i ed emato-encefal ica- 

- meiabolismo (RM). 

rorrHn.? '^,!"fo'™f 'on'olteniUe sono strettamente legate e 
cot elate, lali da lendere v.rtuale la separazione tra dati ntorlb- 
logici-anatornici e funzionali. 

Classificazionedei mezzi di contrasto radiografici 

hinlT^i'*'^" negU esami radiologici e generate clall'assor- 
bmienlo dei ragg, X operato dal mezzo i^rescnte lungo il de- 
corso del lascio radiante. L'assorbimento dipende dal nu- 
meio atomico e dalla concentrazione del MdC. 1.^ dilCercnzii 
dell assoibimento (contrasto) fe la genesi dell'immagine per 
?oTr,'rfn Provvisti di coutrasto 

Sd^-SS'lf " '"^-^'°"^^' 

L' introduzione di soslanze a bassa density come aria o 
anidride carbonica rende le struttuie contenemi o circostanti 
visibili per la riduzione di assorbimento indotta: queste so- 
stanze s. ch.amano MdC negativi. Le sostanze che invcce 
coniengono ele.ncnii ad elevato numero atomico coine bario 
o lodio aumentano l'assorbimento delle radiazioni esi chia- 
mano MdC positivi. Essi sono sintetizzaU nella Tabella I. 

Fondamenti di chimica dei mezzi di contrasto ra- 
diografici 

La scelia fondamentale della sostanza chimica utili/zata 
per veico are atomi ad alto numero atomico e stala cruciale 
per lo sy.luppo dei MdC. L'anello benzenico e lo iodio sono 
ancora la migliore combinazioiie per tutti gli obiettivi che 

aulsi"h,rff l^f ^T'^""^"' 'y^"^ ''"-8^ utilizzazione. in 

quasi tutte le situazioni cliniche. IJanello benzenico assi- 
cura molti legaini stabili chimici, sia con I'demento pesante 
U), sia con I radicali die inHuenzano fortemente le pioprieta 
tisico-chimichc e farmacologiche del MdC (fig. I ). F.sso le^a 
m posizione 2-4-6 tre atomi di Iodio, mcntre Je posizioni 1- 

le pioprieta fisico-chimiche e biologiche. Lo iodio Ira i vari 
Si' proprfei'a ""'"^'^'^ ^e fondamen- 

- alto assorbimento Rx in rappoito alia «durezza» dei 
raggi utilizzati in diagnosaca. L'eneigia di legame dell'or- 
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G. R Fcltrin etui: lx,ndanienli sui rnezzi di contrasto iodmi e reazioni av verse 
IA13BLL A L _ Classincazione dei mczzi di contrast 



m^ntrasto (MdC) per esami rndiogralici. 



MRZZI DI CONTRASTO 



Ncgativi 
gas: aria, COj 




Non idrosolubili 
Sospcnsioni 
acquose 
(tliodopiridina) 



Idrosolubili 
Dcrivali 
deli'acido 
liiodobcnzoico 



*) Non pin conitnecializzalo. 



Monomcri ioiiici 

BiliarioraU Uro^angioiirafici 



Acido iocetaniico 
Acido iopanoico 
Acido iopodiito 



Sale diatrizoaro 
loxitalainato 
lotaniide 
Melrizoalo 
lotalaniato 



Monomcri tion ionici 

Um-ansiofirajict 
lopamidolo 

lopromide 

loversolo 

lopentolo 
Joineprolo 
lobitridolo 

lohexolo 



Oimeri ionici 

Colan^iogmftci e.v. Ani>iograJici 
Sale iodoxamidc Sale ioxaglalo 

lodipaniide 
lotToxico 



Diineri non innici 

Anf^iof^rci/ici, Mielogmfici 
lotiolan* 
lodixanolo 



bila eletlronica piii interna 5 di 37 KeV e pertenlo nrcsenf , il 
mass,mo asso. bimento ai ,T.ggi X con 37 kVj^Tn pXr^^^^ 

scn7.hi o^ il . ^ " '^^"^■^n'^: veramente tra- 

moJecola! ' ' PO-ssonoliberaredalla 

- bassa tossiciia se combinalo o eventualmente libeio. 



senziahiienK- Hi i. ... vOsuAonn i c 5. Esse consistono es- 
scnzialnicntc di id.ogeno, ossigeno, carbonic e azote con 



ici (-OH) ai quail eaftdata ia propriety di non legarsi alle nm- 

menla e di tutti qucsti sail e cost liiita dalla solubilit-i hp,- 
ciissocazione eleUrolitica, che produce du^r a," cell^ in 
nK:he (anione e cationc) che richiamano moite molccole di 
acqua e innalzano rosmolaiiii. delle soluzioni (Osm/ki d 
'^A'l'^T ' 'l"""^ P'asniatica. Percio c ues a c^o^? 
1> MdC trad.z,or.ali 6 definita ad alta osmola itiV osm 
lah y contras(_agent (HOCA). La loro utilizzazione l«f > 
escinato. dal punto di vista chiniico, 11 giande valggio Si 

lino a 80% e piu. con viscosity relativameiUe bassa. 
MdC a bassa osmolaUia e non ionici 

Nella decade dcgli anni '70apparvechiarocl,e molii deWI 
cfretti collateral! dci MdC tradizionali eranoda impularc^^ii; 
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Fig. I. — Audio beir/.enico: struttura di base dci MdC iodati (da Speck, 
mod.). 



allaasniolalila elevata delle soiuzioni, rispetto a quella pla- 
siTiaLica, che agli effetti chemiotossici del sohito. Pertanto 
la ricerca farniacologica profuse notevoli energie al fine di in- 
trocluiTe in radiologia cliagnostica e interventistica agenti 
contrastografici die riducessero o annullassero Tincidenza di 
reazioni avverse. Un considerevolemiglioramentofu infatti 
ottenuto eon i MdC a bassa osmolalita, e particolarmente 
con quelli non-ionici: low osmolalily contrast agent (LOCA) 
(tab. II). 

Questi hanno dimostrato elficacia diagnostica equiparabile 
agli IIOCA con pari conccntrazione iodica, a fronie di una dif- 
ferente incidenzti di rcazioni avverse (AR). Anche I*unico 
agente ionico contrastografico a Irassa osiTH)lalita, lo ioxaglato, 



che c un dimcro con produzione di due parti cell e ionic he in 
soluzione, ma con sei aiomi di lodio, h ritenuto simile ai 
LOCA non ionici (0.56 Osm/kg di ac(iua, rispetto a 0.6 
Osm/Kg) anche se non sembra assicurare una bassa inci- 
denzadi reazioni avverse. 

1 vantaggi pratici dimostrad dai MtlC non ionici rispetto 
a quelli ionici non sono solo limilati alia bassa osmolalila, ma 
sono riassumibili nei seguenli due aspetti: 

1) I'incidenza delle reazioni generally tipo nausea e vo~ 
mi to, nonche le reazioni simil-allcrgiche (allergic-like) dette 
anafilattoidi e piu bassa, anche nelle manifestazioni pin gravi 
rispetto ai MdC ionici; analoga osservazione non e possi- 
bile per le reazioni fatali, data la loro estrema rarit^ non va- 
lutabile statisticamente; 

2) anche la neurotossicith e risultata minore rispetto ai 
MdC ionici, tanto da indurre moUo precocemente una con- 
trol ndicazione all*usodi questi secondi MdC per somtriini- 
strazioni nei si sterna nervoso. 

Tutti i vantaggi citati possonoessere attribuiti alleseguenti 
propriela chimiche: 

— la molecola h privadi cariche elettriche; 

— non contiene cationi di sodioo metilgkicamina; 

— la molecola h meglio schermata dalle calene lateral i 
idrofiliche (fig. 2). 

Tutte queste caratteristiche chimiche e parlicohumcnte la 
presenza di catene latemli idrofiliche (fig. 2), determinano ima 
ridotta tendenza della molecola a legarsi alle proteine, ad 
inibire gli enzimi e ad aderire alie membrane cellulari alte- 
randone lafunzione. Praticamente il paziente toUera meglio 
la somministrazione con riduzione di vomito, nausea, orti- 
caria, edema delle mucose e minori effetti respiratori o car- 
diovascolari. 

Cosmolalita ridotta, o quanio piu possibile simile a quella 
del plasma, ha rappresentato il primo degli obiettivi da rca- 
lizzare nello sviluppodi nuove formule di MdC. PoichePo- 
smolalit^ e direttamente proporzionale al numero delle par- 



1 ABEL.IA II. — Mazzi di con Iras to iotlati. 



ChissificiU.ione 


Nome conimcrcialc 


Casa fannaceulica 


Monomer i ionici 
Diatrizoale 
lolKahnnatc 
lodamidc 
Melrixoale 


Gastfografin^.Seleclograrm® 
Aiigioconray®, Con ray® 
Uroiniro® 


Schering 
Brae CO 
Uracco 


Monomer i non ionici 
lohcxol 
lopamidol 
lobitridol 
lopcntol 
loversol 
lomeprol 
loproniide 
loxilaii 


Omnipaquc® 

lopamiro® 

Xenelix® 

Iniagopaquc® 

Optiray**** 

lomeron® 

Ullravisl^ 

Oxilan® 


Nycomed-Ameisham 

Bra ceo 

Giierbel 

Nyeoincd Ainershain 

Byk Gulden 

Bracco 

Schering 

Guerbct 


Diineri ionici . 
loxaglaie 


Hcxabrixl" 


Gucrbct 


Dinieri non ionici 
lodixanol 
lolu)lan 


Visi paqiie® 
Isovisi*^ 


Ny coined Amershain 
Schering 
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Fig 2. — StrmtiM-a della molccola di nionoincro non loniai (iohcxolo) con 
evidenziati i gruj^pi idroHli (-011). 



TABBLLA 111. — Classi dci MdC quale rapporlo N. atomi di I/parli- 
ceile in soliizionc. 





Alonii di itxlio 


N, iwtlicetic 


Classe 


Mo no me ri ionici 


3 


2 


1,5 


Monomcri non ionici 


3 


I 


3,0 


Dimcri ionici 


6 


2 


3,0 


Dinieri non ionici 


6 


i 


6,0 



ucelle in soluzione (ioni o molecole), essa puo essere relati- 
vaniente ridotta se auiiienlano gli atomi di iodio per parlicella 
in soluzione. Pertanto sonc) definite quattro dassi di MdC 
relativamente a osmolalita/N. atomi di iodio secondo la suc- 
cessiva tahella (tab. 111). 

La quarla classe, ruliima, occupata da un solo MdC in 
commercio lo iodixanolo (Visipaque®) la cui osmolality! h pari 
a quella plasmatica, per cui qucsto MdC h effeitivamcnte 
isotonico a 300mg 1/ml. I vantaggi rclativamente alle rea- 
^^9"' ^^^'verse sono stati di recente confermati (Aspelin P 



Catene laterali idrofiUche deJIe moiecole dei MdC 

Come sopra accennato la tossicilii di una sostanza chi- 
mica e m gran parte causata dalla interazione con le protcine 
e le membrane ceiluiari. fe accetlato che Ic interazioni sono 
pui laciU con i griippi o le componenti lipofiliclie delle mo- 
V^"^"*^ benzenico e fortemcntc lipofilo. 1 gruppi 
idrohlici sono rappresenlaii dagli ossidrili delle catene late- 
rali e sembra che, quanto piii numerosi essi siano, tanto piu 
esaltino ridrofilia dclla molecola e perlanto la sua tollerabi- 
liti\. Inoltre e importante che i gruppi idroiilici siano bene 
distribuiu sulla superficie della molecola e che, nei vari iso- 
men della molecola, sia sempre mantenutii questa "prote- 



zione da parte dei gruppi idroiilici o altncno, che essi si 
mantengano stabilmenie bene distribuiti alia pcriferia del- 
Panello lipoFilo (figg. 3, 4). 

Le molecole ini'atli non sono plane ma grossolanainente 
sferiche nello spazio. 

In quest*ultimo decennio e stata suidiata in maniera ap- 
profondila la "struttura spaziale" delle molecole. 

II legame con le biomolecole dipende dalla carica elet- 
trica prescnte nclla molecola di MdC ionico; la molecola 
neutradel MdC non ionico ha minori affinita di leganie. 1 le- 
gami piu facili sono con i gruppi idrofili, come prima gi^ af- 
iermato, ma possono essere favoriti anche dai pontridro- 
geno che si realizzano ad esempio tra H c un altro atomo 
tendentc a catturare elettroni, ad esempio I'ossigeno, come 
avviene nelle catene elicoidali degli acidi nucleici (Speck 
U, 1999).'tJn ponte idrogeno pu6 realizzarsi tra molecola di 
Mf^£ .9 P^Pt'cle o catene peptidiche. In tali casi la molecola 
di MdC puo legarsi a macromolecole tanlo piCi quanto la sua 
concentrazione b elevata tale da favorire I'instaurarsi di pond 
idrpgenpCfig. 5) 

Viscosita 

La viscosity delle soluzioni di MdC e una misura della 
propncta di fluire, fluidity, nei vasi e nei sistcmi, aghi e ca- 
teteri di iniezione. 

Essa si misura in millipascal x sec (la vecchia uiiita di mi- 
sura era il centipoise). varia molto da un MdC alF altro, si in- 
nalza con Fincremento di concentrazione o con Fabbassa- 
mento della temperatura. 

Una corretta valutazione deve essere riferita alia visco- 
sita a 37°C: temperatura alia quale si deve portarc il MdC 
prima delF iniezione. Sonoinfatti disponibili contenitori per 
I flaconi di MdC alia temperatura di 37°C ove essi vengono 
mantenuti il giorno stesso dei loro utilizzo. laic precauzione 
previene Feventuale formazione di crislalli nella soluzione, 
nei caso m cui essa si trovi a temperatuia troppo bassa. 
^ IJn'alta viscosita deve essere tenuta in considerazione nel- 
rimezione selettiva di piccole arterie, poiche in tali casi si pro- 
lunga il contatto tra MdC ed endotclio, con possibili conse- 
guenze, quali Fattacco della barriera emato-encefalica nelle 
miezioni cerebrali. oppure ini effetto vasodilalatorio in altri 
distjetti microcircolatori. 

1 dimeri a paritii di osmolalita possiedono una piu elevata 
viscosity rispetto ai monomeri, essendo Cfuesta iniluenzata dal 
peso molecolare e dal numero dei gruppi idrossilici della 
molecola. 



MdC colangiografici iniettabili 

La formula di questi MdC h simile a quella degli uroan- 
giograiici per quanto riguarda il legame dello iodio alFa- 
nello benzenico; sono dimeri e ionici. 

1-^1 iodipamide b il prototipo di questi contrasti: dimero 
diacido con un legame tra gli anelli benzenici e tra le due 
posizioni 3; questo legame non viene iiuerrotto, cio6 la mo- 
lecola non viene metabolizzata e viene escreta con la bile 
senza subire modificazioni. 

La posizione 5 delFanello e libera e pertanto puo legarsi 
per la sua hpofilia alle proteine plasmatiche. contrastando 
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Fig. 3. — Rapprcsenlazionc 
Iridiineiisionale (due visioni 
ortogonali) di molccola di 
mononiero non ionico 
(lopamidolo) con la distri- 
bii7.ionc "in supeificic*' dei 
gruppi ossidrilici (-OH) c 
degli alonii di iodio (i) (da 
"30 molecular modeling", 
mod.). 




Hg. 4. — Rappresenlazione 
tridimcnsionalc (clue visioni 
ortogonali) dclla molecola 
di dimero non ionico» con 
cvidcnziati i gruppi idrofi- 
lici (-OH) e gii atomi di 
iodio (I) (da "3D molecular 
modeling", mod.). 




la filtrazione glomerulare, favorendo cosi la cattura da parte 
dei fegato e la sua cliniinazionc come attivi melalxilici naturali 
acidi. 

Perquestecaraueiistichechimicheun MdC colangiogra- 
fico in un pa/.iente portatore di paraproteinemia di 
Waldenstrom di mostro una affinitJl cosi elevata con le proteine 
plasmauche da generare una immediata "gelificazione" del 
sangue dal punto di iniezione, con decesso immmediato del 
paziente. Tale cvento costituisce V unico esempio di effetto le- 
tale osservato con questa patologia. 

Le iniezioni dei MdC colangiografici, al fine di favorire il 
loro "legame*' e trasporto con le proteine plasmatiche, vanno 
elfctluate per infusione e.v. lenta, altrimenti la quota del 
MdC non legata subisce una escrezione urinaria ad ogni pas- 
saggio emalico altraverso i! rene. 

fiovvio Che la possibilila di visualizz^nre le vie biliari e le- 
gata alia conservata funzionalit^ epatica, dalla quale dipende 
la capacit^i di eliminazione e pertanto anche la conccntra- 



zione del MdC nella bile (e la suadensita radiologica). Vax toi- 
leranza del MdC deve pertanto essere elevata. 

Quale indice di f iinzionalit^ epatica viene generalmente as- 
sunto il vaiore dclla bilirubinemia totale (indiretla e diretla), 
analogamente al vaiore della creatinemia o della sua clearance 
per i MdC iodati uroangiografici. 

I MDC colangiografici iniettabili non sono piu commer- 
cial izziiti in Italia. 

Modalita di distribuzione del MdC iniettato 

— Distribuzione (pool vascolare) 

— DifFusione 

— Eliminazione 

II MdC iniettato endovena si accumula nel plasma e la 
sua concentrazione plasmatica si innalza tanto piu rapida- 
mente quanto piu veloce h Tiniezione. 

Dal livellodi concentrazione plasmatica dipende IMnten- 
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Fig. 5. — lisenipio dl possibile pontc idrogcno tra molccolc di MdC c 
una catena poiipepti<lica (da Speck, mod.). 



sita della ultrafiliiazione glomeiulare al passaggio del plasma 
COM il MdC attraverso il reiie. 

1 n una pri ma fase si osserveranno perta nto piu conlrastad 
i vasi, con la ovvia sequenza: dapprima ic arterie e poi le 
vene di un organo o distreUo. 

In tale fase iniziale di distribuzione il MdC si evidenzia so- 
pnUlutto, e pu5 essere documentato solo con una TAC veloce, 
la componentc ematica circolante, indicando in tal modo il 
"pool vascolare" che segnala anche il dislrctto parenchimale 
piu vascolarizzato, separandolo da quelle a minore peifu- 
stone, (come accade fra cortical e renale c midollaie) o la 
componente anatomica piii vascolarizzata di una niassa (an- 
gioma o neoplasia). 

Conlemporaneamente airaccumulo del MdC ne! plastna 
Televata concentrazione plasmatica determina rapidamente 
il passaggio del MdC negli spazi extravascolari per la sua 
elevala dilTusibilit^ e questo passaggio si continua fino a che 
sia raggiunta la stessa concentrazione tra sangue circolante 
c fluidi extravascolari e anche extracellulari, poiche il MdC 
non entra nelle cellule. 

Questa quota costituisce it pool di diffusione che e molto 
piu vasto di quelle circolante. A tale fase corrisponde una 
distribuzione differenziata del MdC che si osservera ac- 
cumulato nei distreUi a pin elevata componente liquida 
extracellulare: ad escmpio nei tessuti parenchimali an- 
ziche in quelii connettivali; ai pri mi corrisponde natural- 
inente anche una maggiore vascolarizzazione nei la fase 
precedente. 

Unica eccezione 6 il rene che prcsenta una parenchimo- 
grafia a sempre maggiore inlcnsita perchd opera una clea- 
rance del plasma e traltiene it MdC ultrafiltrato net distretto 



tubulare e canal arc. II rene infatti dimostra in a.ssolulo il 
piu alto "contrast enhancement'* di Lutti gli altri organi o tes- 
suti. 

L'eliminazionedel MdC nelFunna permette unachiarift- 
cazionc progressiva del sangue con riduzione della concen- 
trazione plasmatica. La diffusione ora inverte la direzione e 
dai distretti extravascolari it MdC ritornaal plasma. Questa 
terza e ultima fase e molto protungata, dura alcune ore fino 
a che tutto il MdC h state ultrafiltrato dal rene. 

Sterilita e conservazioiie del MdC 

La sterilita dei MdC h otlenuta con processi di fikrazione 
e ukrafiltrazione che climinano le molecole di peso mole- 
colare superiore a i O.CXX) D. Cio garantisce che non solo i mi- 
crorganismi, ma anche i lore prodotti melalx^lici e le so- 
stanze piogene vengano eliminati. 

Nellaprcparazionedelle infusioni edei dispositivi di inie- 
zione va mantenuta la sterilita. 

Solo i MdC ionici hanno ima azione antimicrobica do- 
vula alia alta osmolalita ed alia piu cospicua chemiotossicila. 
1 MdC non ionici seno invece dei buoni terreni di colturae 
|5crtiinto una confezione aperta non deve essere conservala piu 
della scssione di lavoro o oltre il giorno stesso della sua aper- 
tura. 

1 irasrerimenti del liquido da ampolle in siringhe, con- 
lenitori e iniettori devono rigoresamentc impedire il contatto 
con superfici non sterili, quali ad csempio il bordo del con- 
tenitoreoriginale: e necessario pertanto rimuovere it tappo 
e prelevare il MdC con una cannula sterile, richiudere il 
contenitore per i successivi prelievi, se la confezione e di di- 
screta quantit^i, evitando di reintrodurre il liquido aspirate 
net contenitore originaie. Anche per confezioni di gmnde vo- 
lume (500 ml), utiUzzate per esempio nelle sale angiogra- 
fiche, si devono usare appositi sistcmi di prelievo chiusi 
per caricare gli iniettori, anche al fine di evitare contami- 
nazioni con matej iali e ingredienti corpuscolati, ad esempio 
di plastica liberatisi da manipolazioni plurime. Pu5 essere 
anche raccomandato 1' impiego di siringhe gia riempite di 
MdC per evitare la fase di aspirazione dalle Fiale o am- 
polle. 

11 MdC non va ovviamente riutilizzate anche pei* una cerla 
instability chimica del prodotto, sopraltutto alle elevate tem- 
perature. 

La conservazione delle confezioni sterili di MdC deve ri- 
spondere a due condizioni importanti: 

a) le soluzioni contenute in am|x>lle trasparent.i van no im- 
magazzinate, protette dalla luce \ycv evitare V azione di degrade 
indotta dalle radiazioni UV. Pertanto le ampolle vanno ri- 
mosse dalle loro scatele solo al momento dell' utilizzo e con- 
servate in luoghi bui. 

b) meno rigida e la raccomandazione di tcnere le confe- 
zioni di MdC al riparo dalle radiazioni X: il rifornimento 
nei la sala radiologica non deve tuttavia determinare un 
lungo periodo di conservazione dei MdC alT esposizione ra- 
dian te. 

Infine prima dell'uso la confezione in vetro trasparente 
va esaminata a luce trasmcssa per cvidenziare eventuali im- 
purity, molecole estrance o cnstalli di sale precipitate. 
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Reazioni avverse 


Chciniotossrchc 


Aiiadlailoidi 


Prevctlibili 


SI 


No 


Oosc-dipciKleiiti 


. Si 


No 


I-'attori di rischio 


Cardiopatie, ncrropalie, cpatopatic, enccfalopatic 


Atopia, preccdenli reazioni a MdC 


PrclixHtamcnlo con sterotdi 


Non efficacc 


UtilitJi dtscussa 



Eventi avversi 

Id seguito alia somministrazione parenteralo di un MdC io- 
dato uroangiogmfico si possono vcrifjcare eventi avversi, 
indesiderati o inaltcsi. 

Essi si configurano come eventi niiovi, occorsi durante o 
dopo rintervento diagnoslico o interventislico, caratteriz- 
zati dal produrre un cambiamento attuale o potenziale dello 
staio di salute del pazienle. NeH'ambito dcgli eventi avversi 
vanno distinte le reazioni avverse (adverse reactions, AR) 
attribuibili alia soinministrazione deH'agente conlrastogj-afico, 
dalle complicanze imputabili all'invasivit^i della procedura o 
al pieesistente slato clinico del ptiziente (ad esempio la peifo- 
razionc vasaie in seguito a cateterizzazione o la reazione 
vaso-vagale). 

incidenza 

Sono slati condotti studi atti a stabilire la frequenza di- 
eventi avversi. Fondamenlale e quello di Katayama (1990) 
eseguito su un numeroso campione (337.647 pazienti) sud- 
diviso in due gruppi di pazienti sottoposti ad indagine ra- 
diologica contrastografica con MdC rispettivamente ionico 
e non ionico. 

Lo studio mijava a veriilcare i vantaggi del MdC non io- 
nico e rimportanza del fattore osnnolalit^ ncl ridurre I'inci- 
denza delle reazioni avverse. Lc reazioni avverse da MdC io- 
nico risullavano qualtro volte piu frequenti di quelle da MdC 
non ionico, con un' incidenza rispettivamente del 12,66% 
contro il 3,13%. Ancora piu marcata la differcnza per le rea- 
zioni gravi o molto severe: V incidenza era rispetlivamente del 
0,22% contro lo 0,04%. 

Seguirono i)olcuiiche da parte nordamericana (}3eltmann 
MA, 1990, 1996, 1997) ai risultati dello studio di Katayama. 
Le sue conclusioni erano state peraltro anticipate da un altro 
autore delParea del Pacifico orientale, Taustraliano Pabner 
KI ( 1 988), e successivamente riconfermate da altri, Tultimo 
lu Cochran (2002). Le osservazloni di Katayama sono di- 
vcnutc pertanto il termine comune di riferimento per la pro- 
gressiva diffusione e la defuutiva affermazione dei MdC non 
ionici. 

Classificazionc 

Le reazioni avverse (Tab, IV) si suddividono in: 
— Chemiotossiche(tipoA).1ali reazioni sono dipendenti 
dalla dose e dalla concentrazione plasmatica del farmaco, 
perci6 potenzialmentc prevedibili. Sono influenzate dalle 



caratteristiche del MdC, come Fosmolalitft, la viscosila, l'i~ 
drofilia. 

— Anafilattoidi (tipo B, allergic-like) non dose-dipeii- 
denti, imprevedibili, che possono indurreil rilasciodi istamina 
o altri mediatori biologici come serotonina, prostaglandine, 
bradichinina, leucotrieni, adenosinae endotelina, solitamente 
attivi nei fenomeni allergici, 

A seconda della loro severity le reazioni avverse vengono 
suddivise in: ^ 

~ lievi (con frequenza del 5%); sa[x>re metallico in bocca, 
scnsazione di calore, nausea e vomito, sudorazione, dise- 
stesia periorale, sensazione di testa leggera, dolore nelia sedc 
dell'iniezione, orticaria, emicrania; 

— moderate (con frequenza dello 0,022%); persistenza 
ed aumento di intensit^i dei sintomi minori, dispnea, ipolcn- 
si one, dolore toracico; 

— severe (con incidenza dello 0,0025%): tossc, starnuti, 
broncospasmo, ansia (sintomi minori). Inoltre: diarrea, pa- 
restesie, edema al volte, alle mani ed in altri siti corix^ei, di- 
spnea, cianosi, edema della glottide, ipotensionc marcata, 
bradicardia, shock, edema polmonare, aritmie, midriasi, con- 
vulsioni, paralisi, coma, morte. 

Generalmente le reazioni compaiono entro un'ora dalFi- 
niezionc del MdC e sono definite immediate; se si verifi- 
cano dopo un'ora dall'iniezione lino al massimo di sette 
giorni dalla somministrazione sono defmite ritiirdate. Queste 
seconde sono meno frequenti delle prime, e verranno Iratlate 
successivamente. 

Meccanismi fisiopatologici delle reazioni che- 
miotossiche 

Le reazioni chemiotossiclie sono legate alia tossicita in- 
trinseca della molecola e dipendono fonda mental men te dalle 
sue caratteristiche chLmico-fisiche e dalla dose sommini- 
strata, 

IJalta osmolalitri 6 uno dei principali fattori implicato 
ncl la patogenesi delle reazioni da MdC iodato (Katayama 
H, 1990). 

Ogni sostanza iniettata, con osmolalita signillcativamente 
diversa da quella plasmatica ha un effetto sulle soslanze con 
le quali viene in contatlo, quali Fendolelio, Ic cellule ernatiche, 
altre membrane cellulari e macromolecolc (es. proteine). 

Si ritiene che tal volta la tossicita sia, almeno in parte, do- 
vuta alFmterazione degli agenti contrastografict con ma- 
cromolecolc circolanti o con cellule. Le porzioni idrofobiche 
delle molecole del contrasto, principalrnente Fanello ben- 
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Fig. 6. — Rclazione tra concenlra/Jone sicrica ddla creatinina 
Ultrnto gloniei iilare (GV*R). 



zcnico, possono interagire mediante una combinazione di 
t'orze di Coulomb e interazioui idrofobiche non-speciilche, 
con porzioni lipofilichc dcllc membrane cellulari e di ma- 
cromolecole biologiche. Tale capacila di inlerazione diixinde 
anche dalla forma Iridimensionale delia molecola: proteg- 
gendo cioe i gruppi Upofilici (anello benzoico) con gruppl 
idrofilici, puo essere ridolla la probabilil^ di inlerazione con 
le membrane cellulari e con le macromolecole, in termini 
esiensivi decresce la ]:»robabilit^ di evento avverso (figg. 3, 4). 

r.a bassa tossiciia clinica degli agentl contriistografici non- 
lonici e ascrivibile alia loro ridotta osmolalit^i e bassa che- 
miotossicili^, nonch6 alPassenza di ioni sodio. 

Gli organi principalmente colpiti nelle reazioni chemio- 
lossiche sono: il rene, 11 sistema nervoso centrale e I'apparato 
cardiovascolare. 

Rene 

II rene rappresenta il bersaglio privilegiato dei tossici 
poiche essi sono eliminati completamcnlc dairemuntorio 
renale tramite la liltrazione glomerulare, pertanto la con- 
ceiUrazione intratubulare del farmaco puo essere molto pin 
alia deila concentrazione plasniatica. Si pcnsi infatti come alia 
TC il rene sia I'organo a piu elevato contrast enhancement. 
Inollre il meccanismo tubulare di trasporto degli ioni pu5 
favorirc Tentrala dei tossici alFinterno delle cellule tubu- 
lari. 

I principali meccanismi potenzialmente responsabili della 
nefrotossiciua sono quelle vascolare e la tossiciia diretta, sia 
a hvello glomerulare che tubulare. 

In seguito alia somministrazione di MdC il flusso renale 
presenta dapprima un transitorio aumento, apparcntemente 
correlato all' iperosmolalit^i, come nel circolo periferico. Ad 
esso segue una prolungala vasocostrizione con conseguente 
dmiinuzione della perfusione renale e del GFR (glomerular 
( iltrate rate), con accentuazione delle condizioni ipossiche a 
livello della midollare. 

I piu importanti fattori implicati in questa fase sono: 



— 11 Feedback tubuloglomerulare: il MdC iperosmolare ul- 
trafiltrato incrementa ia diuresi e la natriuresi. 

— La prescnza del MdC iperosmolare al)*in(ernodi tuUo 
il sistema tubulare renale Iratticne acqua. 

— Ruolo fondamentale potrebbc avere Fendotelina rila- 
sciata dalle cellule endoteliali danneggiate, che determina 
vasocostrizione. 

Per quanto riguarda refretto nefrotossico, esso si estrin- 
seca sia con un*aumentata permeabilita della membrana hc\- 
sale glomerulare e conseguente proteinuria sia con danno 
tubulare. Le molecole di MdC, infatti, non essendo riassor- 
bite ristagnano alFinterno del tubulo in concentrazione tanto 
maggiore quanto piCi intensa h la disidratazione del soggctto 
e quindi quanto piu 6 marcato il riassorbimento tubulare dcl- 
Facqua. Tale effetto e evidenziato da una temporanea e au~ 
mentata enzimuria e dalla vacuolizzazione delle cellule del 
tubulo prossimale, alterazioni che rappresentano una nor- 
male risix)sla al MdC e non hanno rilevanza clinica (Bcro KJ 
1993). ' 

Nelle urine dei pazienti sottoposti ad esame contrasto- 
grafico infatti si osservano cellule epitcliali tubulari, sedt- 
menti amoifi, cristalli a stam|X) derivati dai fmmmenli cellulari 
ed una proteinuria di grado moderato. 

Caratteristiche cliniche della nefrotosslcltct 

Da un punto di vista clinico nella maggior parte dei casi la 
nefrotossicita e asintomatica; sollanto una sistematica sor- 
veglianza di laboratorio dopo la procedura contrastografica 
pu6 consentire di individuare le alterazioni della funzione 
renale. 

Si verifica un incremento della concentrazione della crea- 
tmina sierica del 25% in termini relativi o di 0,44 umol/1 . 
(0,5 mg/dl) in termini assoluti. Tuttavia la creatinina sierica 
lion e certo il parametro ideale di funzionalit?i. renale, in par- 
ticolare del filtrato glomemlare, ix)ich5 dipende dal sesso, dal- 
Fetii e dalla massa muscolare. Puo inoltre non essere ele- 
vata Fmo ad una riduzione del GFR del 50% per F incremento 
compensatorio della sua secrezione tubulare (Becker J , 1 99 1 ). 

certo che modeste alterazioni della sua concentrazione 
non possiedono valore predittivo rispetto alia possibile ne- 
frotossicita da MdC. ^Futtavia ia cieatinina rappresenta un 
indice piii che sufficiente di funzionalila renale e, coiminque 
preferibile alFazotemia. 

Combinando i valori di crcatininemia e di VFG Fadatta- 
mento della funzione renale, pur essendo minimale o nulLo 
nei conFronti delFacccumulodi urea o creatinina nel sangue 
nchiede gradi molto marcati di riduzione della Vt^G perch6 
la creatininemia o Furemia diano segnale molto netto di in- 
sufFicienzii renale (fig.6). 

La valutazione della clearance della creatinina viene cal- 
colata sempliccmente mediante la formula di Cockcroft- 
Gault(CockcroftDW, 1976): 

rtr ^ 1/ •^ (1^^-eta) X peso(kg) 

Ci Cr (ml/min)= _ 

72 X Cr pi (mg/dl) 

e consente una valutazione del GFR indipcndente dai fat- 
ton costituzionali (x0,85 nelle donne), 

L; incremento del livellodella creatinina pu5 raggiungere 
il picco nei 4/5 giorni che seguono la procedura e l ientrare nel 
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range di nornralilk cntro una o due seUimanc con ripristino 
completo deila fuir/jonalila rcnale (Morcos SK, 1 998, 200 1 ). 

Oltre agli esami di laboralorio puo esse re uLile 11 rilievo ra- 
diologico della cinctica di eliminazione renale del MdC: la 
persistenza deU'elTetto nefrografico depone per nelTotossi- 
cilii se i valori dcnsitometrici persistono supcriori a 1 1 3 U.H. 
dopo 24 ore dalla somministrazione del MdC (Love L, 1 994) 

II ricorso alia dial i si comunque h eccezionale e richiesto 
solo uei pazienli ad alto rischio, cio6 con IRC o con partico- 
lare vulnerability renale. 

La nefrotossicitA dei MdC e stala, soprattutlo nei passato, 
enfatizzata. Le alterazioni qui sopra descrittc, meno accen- 
tuate per i LOCA, determinano solo raramente (meno 
deir 1%) disfunzione renale in soggctti senza precedcnti di- 
sfunzioni d'organo. 

I principali fatlori di rischio per la nefrotossicita possono 
essere distinti in fattori : . 

1) correlati al paziente: 

— insufficienza renale cronica (IRC); 

— disidratazione; 

— diabete mellito associato a IRC; 

— ipovolemia secondai ia a scompenso cardiaco o sin- 
drome nefrosica; 

— farmaci nefrolossici (FANS; aminoglucosidi; cispla- 
tino); 

2) correlati alia procedui-a: ri|x;Uite indagini in breve tem|X): 

— altedosi di MdC. 

La combinazione di diabete mellito e insufficienza renale 
aumenta il rischio di nefropatia da MdC di almeno il doppio 
rispetto al caso in cui vi sia solo rinsufficenz^i renale (Becker 
J, 1991 ; Solomon R, 1998). 

B nolo che rinsufficenza renale e piu grave in condizioni 
di disidratazione. II rene infatti nelTIRC mantiene un di- 
screto equilibrio solo mantenendo una elevata diurcsi, c\oh 
sostenendo una elevata poliuria. II limite del rene in quelle si- 
tuazioni h soprattutto Paver perduto parte della capacit^i tu- 
bulare di concentrare Turina. 

Pertiuito la lunzionalit'A renale sc misurata in fase di disi- 
dratazione risulta piu grave che non nella fase ordinaria di ele- 
vata idratazione. 

1^ slessa precauzione va considerala nel caso di ipovolemia 
cardiogena o di sindrome nefrosica. 

E evidente come una latentc o modesta insufficienza renale 
diventi piu grave nelle condizioni di carenza di liquidi. A 
tale proposito vale la pena richiamare una caratteristica cm- 
dale della funzione rcnale articolata su due tipi di nefroni. 11 
nefrone della corteccia piu esterna (outer cortex) h il nefrone 
con ansa di Henle piu corta e ha la caratteristica funzionale 
di essere sodio e idro-disperdcnte. 

II nefrone con glomerulo situato nella corticale piu vicina 
alia midollare (inner cortex) e quello con ansa di Henle lunga 
e con irnpronta funzionale di idroritenzione (fig. 7). 

Lattivazione maggiore di un tipo o delKaltro nefrone di- 
pcnde anche daH'osmolalita del sangue. Infatti nelle condi- 
zioni di shock emorragico cosl come in quelle nelle quali 
sono attivati i sistemi adrenergici si dimostrano una vasoco- 
sti'izione e una ridotla perfusione dei nefroni delPouter cortex. 
Analogo fenomeno si osserva sotto carico di sostanze ste- 
roidee. LMdratazione del plasma richiama invece alia fun- 




Fig. 7, — Striilturadci due lipi di netVoni corlicali. 



zione questi nefroni esclusi. E evidente che con questa atli- 
vazione e piu agevole Tescrezione dei soluti ipertonicl e in 
particolaredei MdC. 

Si conclude dicendo che i diuretici osmotici, nonch6 quell i 
vasoattivi come la furosemide, e i calcioantagonisti attivano 
proprio Touter cortex. Gli altri composti come quelli ste- 
roidei, nonche le sostanze adrenergiche perniettono invece 
solo la funzione dellMnner cortex con ritenzione di acqua e 
di soluti. 

Alio scopodi ridurre Tincidenza delF insufficen/^ renale 
nei pazienti a rischio e opportuno pertanto assuniere deter- 
minate precauzioni: 

1.) identificareccorreggereeventuali fattori di comorbidita; 

2) nei pazienli ad alto rischio usare MdC a l:>assa osmola- 
lilii; 

3) assicurareeventualmente una adeguata idratazione me- 
diante Tiufusione di soluzionc salina 0,45% I nil/kg/h da 
continuare per 24 ore dopo I'esecuzione deU'esame (atten- 
zione nei pazienti con insufficienza venl.ricolare sinistra per 
evitare un edema polmonare); 

4) abolire la disidratazione prima della procediira; 

5) evitare, se possibile, il conlem^xM-aneo utilizzo di farmaci 
nefrolossici (steroidi, FANS, aminoglicosidi); 

6) nei pazienti con fatlori di rischio calcolare un suffi- 
ciente intervallo di tempo prima di ripetere una successiva 
iniezione e comunque ridurre le dosi per quanto possibile; 

7) ricordare che Fincremento della concentrazione della 
creatinina 6 ritardato (circa 4 giorni); 
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8) nei pazieiKi clializzaLi programmare la sediUa di eino- 
dialisi al teimine deU'esame diagnoslico. 

Sislerrta nervosa centrale 

La neurotossicita rifletle direltameiue le caratleristiciie 
inlrinseche della molecola ed h indicala come uno dei fattori 
responsabili delle rea/ioni avverse indolti dai MdC. 

Alcimi suidi sperimenlali su inodelli animali hanno sug- 
gerito la relazione del danno cercbrale con rosmolaIit{\ e 
con la cliemiotossiciiii della molecola sommini strata. Peraltro 
queste alterazioni avvengono a volunii molto piii elevati di 
qiielli iistiali in campo clinico. L'ipertonicita del MdC si h 
chiaramente rivelata tossica per il tessuto cerebraic, dipen- 
dendo gli effetti dalla sede di alterazione della barricm. 

La possibilita di passaggio del MdC airintcrno dei di- 
stretti cerebrali dope somminislrazione intravascolare non 
e impossibile, considcmto che la barricra emato-encefa- 
lica non e una striittura anatomica Fissa ed immutabile. La 
pcrmeabililiA di questa barricra puo essere modificata da 
trattamenti fai macoJogici, da aumenti delTosmolarit^ o 
della viscosjta plasmatiche dopo iniezione di MdC o a causa 
di condizioni patologiche come vasculopatie cerebrali, me- 
tastasi cerebrali, traumi, alcoHsmo o tossicodipendenza. 
essenziale I'importanza dei contatti o dei legami della mo- 
lecola del MdC con le membrane cellulari. La li|X)filicil^i del- 
I'anello benzenico o dei gruppi carbossilici puo indurre il 
superamento o il danno della BEB anche se introdotti nel 
sangue, mentre sara piii facile tale danno se introdotti di- 
rettamente a contatto con le strutture nervose come nella 
mielogralia. 

A cio si aggiungeva il danno potenziale dei ioni-sodio 
nelle salificazioni dei gruppi carbossilici (-COO NaO dei 
MdC ionici. 

IJcliminazione di questi inconvenienti 6 attuaUi utilizztindo 
ia salificazione con glucamina anziche con sodio (-COO- 
glucam.) nei MdC ionici, o sostituendo i gruppi carbossilici 
con gruppi idrossilici (-0H) e incorniciando il nucieo mole- 
colare benzenico del MdC con catene a terminali idrossilici 
per ottencre una piu complela idrofilia della molecola stessa. 

Apparato cardiovascolare 

Gli eflxjtti dei MdC sul sistcma cardiovascolare sono di- 
minuiu ma non eradicati con I'uso dei LOCA. Essi possono 
inoltre variare a seconda del sito di iniezione. 

Cuore. - L'iniezionedel MdC intraventricolare aumenta 
la frequenza cardiaca; al contrario lo studio coronarico se- 
lettivo mduce bradicardia. LMmmissione del MdC nelle ar- 
tene coronarie pu5 inoltre precipitare una variety di aritmie, 
quail la fibril lazione ventricolare, la tachicardia vcntricolare 
o anche I'asistolia in particolare quando avviene neirarteria 
di destm (Levin DC, 1992). Piu comuni sono le variazioni 
dell'BCG, in particolare I'allungamento della conduzione 
atriovcntricolare. 

Le reazioni avverse si manifestano in modo piu severo in 
pazjcnti con recente infarto miocardio, coronaropatia, an- 
guia mstabile, operati di by-pass o con scompenso ventri- 
colare sinislro. 

11 principale mediatore di tali effetti, oltre aU'osmolalit^i e 
alia chemiotossicit^i, e il contenuto di ioni (Na+, Ca++) della 



soluzione iodata, responsabiie anche dell'elTetto inotropo 
negativo dei MdC. 

Ucdema polmonarc h dovulo al sovraccarico del circolo 
indottodairiperosmolalita. In rari casi tuttavia ne e stata di- 
mosirata la natura allcrgica (vcdi oltre). 

Circolo perifcrico. ~ Ui pressione arteriosa diminuisce sia 
|:>er reffelto vasodilatatore del MdC sia per Pinduzione di un 
nflesso colinergico che induce anche bradicardia; Patropina 
rapprescnta infatti il farmaco di prima sceka nelle ci isi ipo- 
tensive da MdC. 

Sul versantc venoso da segnalare il rischio di trombofle- 
bite in seguito alio studio selcttivo del circolo venoso, dovute 
al danno endotelialediretto del MdC. 

Meccanismi fisiopatologici delle reazioni anafi- 
lattoidi 

Ualtro grande gruppo di reazioni avverse, sono le rea- 
^io^^^i^analilattoidi non dipendenti dalla dose (Devvachter P, 

Non esiste una definizione universalmente accettata di 
reazione anafilattica e anafilattoide (Tab. V). 

Molti meccanismi possono determinare gravi sintomi o 
segni scatenati dalla attivazione di mastcellule e basofili. 11 
termine anafilassi e general mente utilizzalo per le reazioni da 
ipersensibilita mediate dalle immunoglobulinc E. 

Le reazioni definite anafilattoidi sono simili ma non di- 
pendono dal P i pcrsensi bi 1 i t^. 

Anche queste come quelle anafilattiche, sono di varia gra- 
vity CI ab. VI), rapidity e progressione; raramente sono bifa- 
siche o persistono per piij di 24 ore. 

fe molto comune, per semplicit^, che il termine anafilattico 
sia utihzzato per i due tipi di reazione, anche perche la conv 
parsa clinica e il tratlamento sono simili. l^ distinzione deve 
essere fatta per il follow-up immediato. 

La clinica di alcune reazioni avverse al MdC ha spesso 
mcloito a credere alPipotesi imniunomediata poiche i quadri 
clinici mimavano esattamentc le risposte allergiche (orti- 
caria, asma, edema della glottide, ecc). Le reazioni anafi- 
lattoidi si verificano un po piu frequenlemenle in pazienti 
che hanno avuto precedenti reazioni c in pazienti severa- 
mente allergici ad anligeni ambientali e tali pazienti presen- 
tano meno frequentemente le reazioni se sottoposti ad inda- 
gmi con I'utiiizzo di mezzi di contrasto non ionici. 

A partire dagli anni '70 numerosi studi hanno cercato di 
dimostrarc i meccanismi fisiopatologici di questo tipodi rea- 
zioni avverse. 

In quegli anni sono stall compiuti studi in vivo dopo I'i- 
niezione di mezzi di contrasto iodati che hanno evidcnziato 
un increment© del livello di istamina e dei fattori del com- 
plemento sia nei pazienti che avevano avuto uria precedente 
reazione ai MdC sia nei pazienti che non avevano mai avuto 
tali reazioni, senza differenze significative tra i due gruppi 

Uno degli ultimi h lo studio di Laroche (1998) che ha ipo- 
tizzato Pinterventodi meccanismi cellulo-mediati o reazioni 
di ipersensibilita di tipo 11] con coinvolgiinento di immuno- 
complessi. 

Inoltre, analogamente alle reazioni allergiche, i sintomi 
clinici di tali reazioni sono sostcnuti dalla liberazionc dei 
mediaiori delPanafilassi quali Pistaminae gli SRS-A (Slow- 
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I'AHbLLA V, ~ Meccanismi di altivazioni immiiiiologica. 



Specifica 
IgE dipendeiUc 



Non specifica 



AiUigenc 



Chcmotossicita 



Basodli 



Mastociti 



Islaniin.T ++ 
LeucoVrieui 




Istaniina 
I-eiicoliicni 
'IViptnsi++ 



Is lamina 



Reacting Substance of anaphylaxis). La prima viene rapi- 
damente nlasciata in circolo in seguito airattivazione det 
inastociu ed ha breve emivita. Gli SRS-A, tra cui le triptasi 
hanno una emivita maggiore nel circolo ematico e percid 
dosabiii con maggiore attendibilita. 

Hntrambe queste sostanze sono state riscontratc nel 
plasma in concentrazione aumentata nei soggctti reattivi e 
quella delFislamina e risuitata correlata alia gravity dei sin- 
lomi. 

Tali sostanze sono liberate dalle mastcelhile e dal basofili 
che possono essese attivati, oltre che per meccanismo 
mediato, anche da altre sostanze, tra le quail i fattori del 
complemento. Quest^iltimi sebbene siano stati riscontrati 
elevata in soggetti con reazioni avverse 
at MdC, senibm siano una delle conseguenze dclia liberazione 
delle tnptasi e sarebbero implicati nelFattivazione dei ma- 
stociti. 

Solo recenteniente Laroche et al ( 1999) hanno dimostrato 
come rn alcuni casi di reazioni ai MdC i'ossero presenti an- 
ticorpi deJla classe IgE. L' interazione deJle Ig-B con le mo- 
lecole di MdC sarebl>e mediata dalle [}roteine, interazione piu 
probabile con i MdC ionici. 

7uttavia studi piu recenti delio stesso autore hanno evi- 
denzuito come solo una piccola percentuale delle reazioni 
avverse severe (cnca il 3%) siano reazioni anaHlattiche verc 
cioe caratterizzate dalla presenza di IgE specifiche per le 
rnolecole di MdC nel circolo ematico. 

Nello stesso lavoro Laroche giunge alia conchisione che 
dobbiamo distmguere due tipi di reazioni "allergic-like": 
quelle hevi, di grau lunga piu frequenti, caratterizzate dalla 
hherazione dei mediatori delFanafdassi a livelli non elevati 
in soggetti sensibili; tiile liberazione avvcrrebbe attraverso un 
meccanismo non Ig-E mediato, ma per tossicitS diretta delia 
molecotadi MdC sui mastociti. 

La dizione di "anafilattoide" rimane quindi ancor oeiii la 
pui appropnaUi per queste reazioni. 



rA BELLA VI. — Gradi delle reazioni anatllalticlie c anaftlaUoidi. 



Grado 1 



Grado JI 



Grado UI 



Grado IV 



Solo scgni cutanci: orticaria, ciitcnia diffuso 



Come 1 pill nausea, tosse, dispnea, lacliicardia, ipo- 
tensionc 



Conic 11 piu vomilo (non solo coiiati), diarrca, bron- 
cospasmo, cianosi, shock 



Arresto cardiaco 



La liberazione di istamina e degU altri mediatori attra- 
verso un meccanismo Ig-E mediato avvcrrebbe nelle rare 
retizioni allergichc propriamente detle. Questo ti|x:) di reazioni 
sono di gravit^i severa, ad alto rischio di ricorren/ii e non 
prevenibili con i corticosteroidi. 

Un successivo studio su pazienti sottoposti ad indaginc 
con un dimero ionico ha dimostrato che solo il 2,4% dei pa- 
zienti, con una reazione severa, aveva una positiva IgH-RlA. 
Questo studio retrospettivo ha confermato che Fanafilassi 
IgE mediala e rara, ma e uno dei possibili meccanismi delle 
reazioni avverse, come dimostrato anche da Mi ta et al {\ 998). 
Cili organi in cui si verificano eventi avversi con caratteri 
clinici anaioghi alle razioni anafdattiche sono la cute. Tap- 
parato respiratorio e quello gastroenterico. 

Reazioni muco-cutanee 

Sono nel la maggior parte dei casi di tipo anarilattoide: 
prunto, flushing, critema, angioedema e orticaria, que- 
st ultima caratterizzatada ponfi pruriginosi con area cen- 
trale pallida, solitamente localizzate al votto, al collo ed al 
torace. Se circoscritta h una reazione autolimitantesi che 
SI risolve spontancamente o con una singola dose di anti- 
staminici. 

congestione delle mucose pu6 determinaic lacrima- 
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1 ABELLA VII. — Sloria posiliva di as ma ed eventi avversi in 32294 
procedure vascolnri (Campus Link, 1994). 





Eventi avversi innsinntici 




AE(%) 


Reazioni 
uvveise (%) 


Coniplicanze 
(%) 


As ma 


No 


2.5 


1,0 


1.4 


SI 


2,8 


1,0 
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zione, rinorrea ma anchc edema della glottide die pu5 ri- 
ch iederc rimmed iala inUibazione. 

Sono per6 considerate chemiotossichc manifestazioni dpo 
il senso di calore e il dolore conseguente alFiniezione, dovud 
alia carica elettrica ma sopraUuUo airosmolalita del MdC. 
Molti MdC non ionici alia concentrazione di 300 mg I/ml 
hanno valori di osmolalila prossimi al valore indicato come 
soglia del dolore (600 mOsm/kg). 

Inoltre rcxtiavasazione del MdC, pur non rientrando nelle 
reazioni avverse, h una delle complicanze piu frequenti che 
pu5 portare a ceiluliti cliimiche, trombosi venosa, eruzione 
bollosa fino a sindromi compart imentali. II tratlamento con- 
servativo prevede il sollevameiito deirarto, impacchi caldi, 
e nei casi piu severi I'iniezione di jaluronidasi, la sommini- 
slrazione di corlicosieroidi e anlibiotici o il ricorso alia chi- 
rurgia. 

Apparaio respiraiorio 

\jc\ somministrazione di mezzo di contrasto provoca lieve 
e subcJinica broncocostrizione delle vie aeree inferiori. 
L'asma h stala generalmente considerata una delle manife- 
slazioni allergic-like poiche h stata vaiutata un'incidenza nel 
1,88% e 0,23% dei casi rispettivamente nelle esposizioni ai 
MdC lomci e non ionici (Katayama H, 1990). MoUi aitri au- 
ton hanno prima e dopo la segnalazione di Katayama sempre 
nportato Tasma come un fattore di rischio quandficabile 
nelle esposrzione ai MdC (Morcos, 2001 ). Altri autori e anche 
chi scrive hanno per contro confutato quesla affermazioue. sc- 
gnalando come in un trial nazionale (Campus Unk 1994) 
non 6 stata osservata una maggiore incidenza di reazioni av~ 
verse in paziend con storia di asma bronchiale (Mikkonen 
1 995; Feltrin 1997) (Tab.Vll). 

peialtro indubbio che 1' assenza di criteri oggeltivi (x^r se- 
gnalare Tesistenza di vero asma bronchiale, sia nelle pub- 
blicazioni a lavore che in quelle contrarie, rende taic condi- 
zione di incerta classificazione. 

Ulteriore complicanza alia somministrazione di MdC ^ 
rappresentala dalFedema pohnonare da anaftlassi. vSi tralta di 
un edema di membrana associato a deplezione di volume Pur 
essendo molto meno frequente, e essenziale distingucrlo da 
quello cardiaco poich6 i farmaci diuretici sono in questo 
caso controindicati (Mare K., 1 984). 

Apparaio i;astroenterico 

1 sintomi piu Irequenti a carico del tralto gastroenterico 
sono nausea, vomito, dolore addominale crampiforme e 
djarrea, dovud alia t>assa idrofdia del MdC o espressione di 
reazione anafilattica. 



Reazioni ritardate 

Un ccnno a parte meritano le reazioni ritardate clic insor- 
gono in un intervallo di tempo variabile da I ora dopo Ti- 
niezione del MdC ad alcuni giorni successivi. 

In letteratura e riportata una frequenza che varia dallo 0,5 
al 2% c nella maggior parte dei casi si tratta di reazioni m'i- 
nori, transilorie e autolimitantesi. 

Consistono piu rrcquentemente in eruzioni cutanee (esan- 
tema maculo-papulare, orUcaria, angioedema), sindrome 
sunil-influenziile, disturbi gastrointestinal i, dolori agli arti/lali 
reazioni sono risultate piu frequenti nei paziend in tratla- 
mento con intcrleukina 2; ci5 e uiio dcgli elementi a sup- 
porto di una reazione di ipersensibilita ritardata di dpo cel- 
Uilo-mediato neUa genesi di queste reazioni (Chrisdanscn 
C, 200(), 2002). fe stato inoltre osscrvato che le reazioni cu- 
tanee, si manil'estano piu rrequentemcnte sulle pard esposle 
e con variability stagionale, suggercndo un possibile effeuo 
di lotosensibilizzazione. 

I fattori che risultano stadsdcamente significativi per I'in- 
sorgenza di reazioni tardive sono la presenza di allergic pre- 
cedenti somministrazioni di MdC, I'apparlenenza al scsso 
lemminile e la presenza di malatde concomitand (Bartolucci 
et aU 2000; Munechika, 2003). 

Fattori cli rischio 

Ceta dei pazienti si h dimostrata essere un rattoie di rischio 
Secondo uno studio di Morcos S. (2001 ) i paziend piu a ri- 
schio sono quelli molto giovani e quclli molto anziani Invece 
secondo Munechika (2003) T incidenza delle reazioni av- 
verse SI riduce di 0,984 per ogni aumento di un anno di eta 
del paziente; ixirlanto sono piti frequend nei pazienti pin pio- 
vani. I to 

Anche il sesso rappresenta un fattore di rischio con una in- 
cidenza di 2,5% tra i maschi e di 3,4% nelle femmine. 

Di cruciale importanza e apparsa un'accurata valutazione 
dello stato clmico del paziente: la ridotla funzionalila renaie 
e cardioyascolare rappresentano i veri fattori di rischio. 

L' incidenza delle reazioni tardive 6 mollo piu alta nei pa- 
zienti con una storia di allergic (incidenza del 7,5% nei pa- 
zienti allergici contro il 2,5%; nei non allergici), in particolare 
1 atopiaeTaliergiaai pollini sembrano aumentareil rischio- 
infaui rmcidenza delle reazioni avverse, sia immediate che 
oAAo^*7^^ P'" ^'^^ periodo della poUinosi (Munechika H 
2003).Queste afferinazioni suggerirebbero il possibile coin- 
Mdc"^^"^^ ^^^'^^'a^lergia nella patogenesi delle reazioni ai 

. ^'^^^ ^^"'^"^ dubbio significadvo h Faumentala proba- 
bilit<\ di avere reaztoni avverse in quei paziend che git\ in 
precedenza hanno manifestato intolleranza ai MdC: in par- 
ticolare, risulla aumentato di un fattore quattro il rischio di una 
reazione av versa grave. 

Di fondamentale importanza, dunque e un' anamnesi ac- 
curata voUa ad individuare: 

— ailergie di grado severo ed in pardcolare precedenti 
episodi di reazioni ai MdC; 

— stad gravi di sofferenza miocardica ed insufficicnza 
cardiocircolatoria; 

— insufficicnza renaie. 
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Dosaggio 

Bench6 lo sviluppo di rnetodiche digilali abbia consen- 
tito una drastica riduzione dei volumi di N4dC somministrati, 
UiUavia alcune indagini coniix)rUino ancora un auico piuUosto 
considerevole di agente coiUrastografico. E ad csempio it 
caso delle procedure di radiologia iiUen'ontisiica o dellaTC 
nelle quali la dose di MdC somininistrato pu5 esserc, in rari 
casi, sufnciente a delerniinare rcazioni cheniiolossiche. No 
e escmpliricativa la necrosi tubulare acuta (NTA) evideu- 
ziabile allaTC per la caralterisLica intcnsa opacizzazione del 
parenchima renale, ma non del tratto escretorio; ci5 a dimo- 
strazione della conservata f'unzione glomerulare, ma del la 
perdita della pei*viet^ tubal a re- 
in un pazicnte aduho di circa 70 kg il migliore enhance- 
ment epatico inTC addomvnale si ottiene somministrando 650 
mg I/kg corrispondente a circa 45-48 gdi l.conlenuti in 130 
ml di MdC a 350 mg 1/ml. Tuttavia dosi di 35-38 g appaiono 
gia soddisfacenti e ragionevoli. 

Nello siesso soggetio in un'urografia endovenosa possono 
essere utilizzati 300 mg I/kg, corrispondenti a 21 g di 1. 

In anibito pediatrico pu5 invece essere considerata indi- 
cativa la dose di 2 ml/kg di MdC a concentrazione di 300 
mg I/ml sia per urografia clie in TC. 

Nell a pratica radiologica si puo considerare come quantity 
ijiiettabile in un adulto 1000 mg 1/kg (circa 200 ml di MdC 
con concentrazione di 350 mg/ml). La quantita puo salire, 
sempre in pazienti con funzionalit^ renale normale, fmo a 
1700 mg l/kg come valore massimo non superabile (400 ml 
di MdC a 300 mg I/ml come indicato da Stacul nella nola rias- 
suntiva(2003). L'insufficienza renale richiededi ridurredra- 
sticamente queste dosi massimali. 

Sperimentalmcnte la dose Ictale (LD50) per gli HOCA e 
risultiita di 5-10 g 1/kg. I LOCA hanno una LD50 pari a circa 
due-tre volte quclla degli HOCA avendo un carico osmo- 
lale piCi basso e contenendo solo piccole quantita di sodio. 1 
dimeri non ionici offrono un margine di sicurezza aneora 
maggiore, a parte la neurotossicita. 

Interazioni farmacologiche 

Divej'se sono state le segnalazioni in lelteratura di intera- 
zioni ira Farmaci e MdC, soprattutto con i MdC ionici. Queste 
riguardavano la precipitazione del farmaco (papaverina, pro- 
mmina, cimctidina, cte.), Peffetto sinergico aritmogeno del 
verapamil e dei derivati della digitale in cardioangiografia, 
reffetto epilettogeno della clorpromazina in mielografia, 
etc. 

Tuttavia alcuni di questi elTctti, evidenziati alio stato spe- 
rimentole, non hanno trovato conferma clinica menlre altri non 
hanno piu avuto rilievo per Tabbandono dei MdC ionici. 

Alio stato attuale solo 3 farmaci meritano menzione 
(tab. VUI): le biguanidi, i p-bloccanti e rinterleukina-2; solo 
per quest' ultima, ntilizzata nella chemioterapia h stata se- 
gnalata una maggiore incidenzadi reazioni ritardate. 

Le biguanidi (metformina e fenformina) sono antidiabe- 
lici orali che trovano indicazioni nei soggetti obesi e iperli- 
pidemici o in associazione con le sulfonilurce. Sono con- 
troindicate nelle condizioni che favoriscono I'ipossia tissu- 
tale o che riducono la loro eliininazione come I'uisufficenza 
renale. Questi farmaci infatti hanno un meccanisjno d'azione 
multiplo, in particolare stimolano la glicolisi anaerobica con 



TABELLA VIII. — Siiitcsi delle inlcrazioiii tra MdC e travt:iinen(o con- 
temporanco coii farmaci. 

MdC e farmaci 

— Intedcukina 2: aiimcnio reazioni rilnrdatc 

— p-bloccanli: diminuila efilcacia iiianovrc per ipolcnsiotic 

— MeUorniina: acidosi lallica in IR 



conseguente aumento della produzione di acido lattice 
(Thomsen H.S., 1999). 

Un aumento dell'insorgenza di acidosi lattica e stato se- 
gnalato in scgiiito a contemporanea somministrazione del 
MdC, soprattutto con la fenformina die e staUi quindi ritirat;\ 
dal mercato. 

Tale effetto non e dovuto airinterazione fra i due prin- 
cipi, farmaco e MdC, ma alia slalentizzazione della nefropatia 
indotta dal MdC. 

Come e stato recentemenle evidenziato infatti in questi 
pazienti Tacidosi lattica ha sempre quale substrate una ridotta 
funzione renale. 

Gli autori suggeriscono perci6 di nioditlcare le indica- 
zioni del Royal College of Radiologist che proponeva laso- 
spejisione del farmaco nelle 48 precedenti e successive al- 
rindagine contrastografica, spostando I'attenzione su una 
scrupolosa indagine anamnestica della funzione renale, even- 
tualmenle coinpletata con indagini di iaboratorio. 

La sospensione del farmaco ed uno stretto controllo della 
funzione renale succcssiva alTuso del MdC si renderebbe 
quindi necessaria solo in pochi casi selezionati. 

Infme, in pazienti che assumono farmaci p-bloccanti, le ma- 
novre adottate per ripristinare i valori pressori in corso di 
esami contrastografici, sono necessariamente meno elTicaci 
per una ridotta risposta all'adrenalina, senza poter invocare 
una reale interazione farmacologica tra agente contrasto- 
graftco e 6-bloccante.lnfaU:i devc essere tenuto presente che 
con il sistema beto bloccato gli elTetti alfa sono picsenti o au- 
mentati sicche V effetto paradosso e che un eccesso di trat- 
tamento, vilteriormente innalz^ la pressione arteriosa (effetto 
alfa), e p\io essere pcricoloso. Piuttosto che un dimezza- 
mento piu sicuro di dose di farmaco il miglior compromesso 
e quello basato sulla espcrienza o sulla osservazione conti- 
nuata. 

Nefropatia e farmaci 

La nefropatia da MdC nella forma piu grave e sostenuta 
dalla necrosi tubulare acuta. 1 precipitati protcici e vl dislacco 
delle cellule tubulari, bloecano i tubuli renali distali e sono 
responsabili della persistenza del MdC neir ultrafiltrato, vi- 
sibili radiologicamente come persistenza del nefrogramma re- 
nale per alcuni giorni con reni jncxlicamente ingranditi jx^r Te- 
dema, senza dimostrazione dell' urina opaca nelle vie escre- 
trici per Parresto della diuresi. 11 MdC non ancora filtrato 5 
secreto con la bile per il fenomeno compcnsativo delTc- 
muntorio epatico. Tale grave compromissione, piuttosto rara, 
generalmente non induce un danno permanenle ed entro 5- 
6 giorni la diuresi si ripristina. 

Nelle osservazioni recenti tuttavia la maggior i)arte dei 
casi si presentano con oliguria e con nefrogramma persi- 
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steiile per 24-4^ ore, elevazione della creaiininemia con picco 
dopo 3-5 giorni. 

Uanalisi deirurina dimostra: ridotla escrezione di sodio 
(nella oliguria), scarsa proteinuria, cellule deirepitelio tu- 
bulare, aggregati granulari e sedimenti amoril. La fdtrazione 
glonicrulare ritorna nella norma in 7-10 giorni 

Come dimostrato da vari studi le misure piu efFicaci per ri- 
durre la severita della nefropalia da contrasto sono rappre- 
senlate dalla scelta di un MdC non ionico a bassa osmolalita 
e dall'espansione del volume extracellulare ouenuta mediante 
infusione di soluzione salina (Allaqaband S, 2002). Un recente 
studio ha dimostrato che la jiefropatia ^issociata all'uso dci 
mezzi di contrasto ei a signillcativaniente ridotta con la som- 
ministrazione di soluzione isotonica (0.9% NaCl) rispetto 
alia soluzione ipotonica (0,45% NaCl) (Mueller C, 2002). 

Particolare attenzione deve essere rivoUa ai pazienti in 
trattamento con ACE inibitori, FANS, aminoglucosidi e dc- 
iivati del platino, per reffetto nelVotossico di tali f^rmaci. 

Partendo dall'osservazione che le specie reattivc dell'os- 
sigeno sono coinvolte nella patogenesi della nefrotossicit^, 
la somministrazione di N-Acetilcisteina (NAC), un antios- 
sidante che ha elfet.to scavenger sui radical! dell'ossigeno ed 
mibisce la sintesi delle proteine e delle citochine potenzial- 
mente dannose, e stato oggetto di numerosi studi. Tra questi 
quelJo di Tepel (2000) ha dimostrato che la somministra- 
zione profilattica di NAC (600 mg due volte al giorno, il 
gtorno prima ed il giorno stesso dell'esame) ed una adeguata 
idratazione (NaCl 0,45%) possono prevenire la riduzione 
della funzione renale indotta dal MdC, nei pazienti con in- 
s u f fi ci e n za renal c cron i ca . 

IJefficacia dell' Acetilcisteina si fonderebbe secondo questo 
studio, oltre che sulla sua capacita antiossidante anche sulla 
sua capacita di indurre vasodilatazione, contrastando le pos- 
sibih alterazioni dcU'emodinamica renale indotte dal MdC, 
L'entusiasmo ha indolto a propone la somministrazione di 
acetilcistema quale prevenzione del danno nefrotossico 
(Morcos, 1999).Tuttavia trealtri studi (Allaqaband, Durham, 
Bnguon, 2a)2) non hanno confermato questo vanlaggio e Tu- 
tilizzazione sistematica deiracetilcisteina non sembra cnu- 
stificata. ^ 

Uefficacia di diuretici come la furoscmide, che dimi- 
nuirebbero il rischio di ischemia midollare, non b ancora 
stata accertata ed il loro uso routinario non e consigliato. 
Uattivazione dei recettori della dopamina DA-] aumenta il 
flusso renale, ma i risultati ottenuti dalFuso delia dopa- 
mma sono contrastanti probabilmente in conseguenza della 
stmiolazione non speciflca di altri recettori; essa pu5 essere 
renoprotettiva nei pazienti non diabetici. Risultati piu de~ 
finitivi potranno essere ottenuti da un trial in corso con il fe- 

" selettivo dei recettori DA-1 (Stone 

0 W, 2001). 

Anche Fadenosina, un vasocostrittore renaJe, t coinvolta 
nelia patogenesi della nefropatia da contrasto. 1 risultati ot- 
tenuti con teoHllina e aminofillina, sono contradditori. Inoltre 

1 utihta del peptide natriuretico atriale (che aumenta il flusso 
renale) e degli antagonisti deirendotelina (un vasocostrit- 
tore) nmane ancora da stabiiire (Katholi RE, 1995). 

Una produzione inadeguata di prostaglandina renale po- 
trebbe essere un fattorc patogenetico della nefrotossicitti e 1' in- 
lusione di 20 ng/kg/min di prostaglandina E, limita signifi- 
camenc 1 incrcmento di creatinina sierica. Comunque gli ef- 



lelti sistemici della somministrazione parenleralc di prosta- 
glandina El come ipotensione e tachicardia ne lirnitano Tu- 
tiiizzo clinico (Koch JA, 2000). 

Premedicazione 

Alia luce delle osservazioni secondo cui le reazioni piu se- 
vere ai iVIdC possono essere sostenute da un meccanismo 
anafilattico uno studio francese suggerisce di sottoporre i 
pazienti che hanno preseniato questo tipo di leazioni ad una 
accurata investigazione allcrgologica (skin test) al fine di 
identiilcare ii MdC responsabiie della reazione; tutto questo 
in modo da evitare una successiva assunzione dello stesso 
MdC, unica strategia efficacc per prevenire uUeriori acci- 
denti allergologici (Devvachter P, 2001). 

Non esiste alcuno studio nelPuomo o nelPanimale ran- 
domizzato, che abbia provato refficacia di una profilassi 
con antistaminici e/o corticosteroid i nei prevenire le reazioni 
(Marshall GD, 1991; Christiansen, 2002). 

Sela premedicazione con 1 o2dosi di metilprednisolone 
(32 mg|5eros6-24ore prima) ha ridotto Pincidenza dei segni 
minori, essa non ha ridotto Pincidenza delle reazioni piu 
gravi (Lasser, 1994). Le premedicazioni costituiscono una 
falsa sicurezza ed inoltre bisogna conuinque considerare la 
morbilita propria legata alia prescrizione di questi larmaci. 

La sola modalila per assicurare un migliommento completo 
ai pazienti che abbiano manifestato una reazione avversa se- 
vera e somministrare un trattamento ad hoc nei primo minuto 
dalla comparsa dei sintomi (Laroche, 1998). inoltre i radio- 
logi dovrebbero essere in grado di operare un precoce ed ef- 
ficace trattamento dello shock anafilattico, inclusa la som- 
ministrazione di epinefrina. 

Aggravamento di patoiogie pre-esistenti 

Bisogna sottolineare come diverse condizioni cliniche , 
a suo tempo considerate come indicazione esclusiva alP im- 
piego dei MdC a bassa osmolalita, oggi non vengono piu 
considerate tali dagli stessi autori. Esse sono la rinitc aller- 
gica, le allergic aliinentari (purche di numero e di entita li- 
rnuate) Pit^razotemia, la gotta, le tireopatie, ii micloma nuil- 
tiplo, il morlx) di Waldestrom c lastcssa asma che non appare 
piu come iattore predittivo. [Dato questo peraltro non ac- 
cettato da molti. Vedi Capitolo Maitinelli e Coll.; 'I amburrini 
eColl. - Nota editor]. 

Gammopatia monoclonaU. ~ In passato b siato lilevato che 
nei pazienti affetti da mieloma multiplo, soprattut.to nella 
varieta secernente proteina di Bcnce-Jones o solo catcne 
leggeie libere monoclonali, la somministrazione di MdC po- 
tesse cansare la precipitazione di queste nei tubulo (mye- 
loma kidney), inncscata dalla disidratazione e, forse, par- 
zialmente anche da un effetto diretto del MdC suile catene po- 
hpeptidiche. Studi recenti hanno per6evidenziato la bassa in- 
cidenza di nefropatia con i LOCA (Barret BJ, 1992, 1993). 
E quindi opinione attuale che nei pazienti con i'unzion'e renale 
conservala e con adeguata idratazione, il mieloma multiplo 
non rappresenti una contro indicazione alia somminisuazione 
del MdC. Ha comunque perduto significaio la riccrca nelle 
urine della proteina di Bence-.lones. 
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Anemia falcifonne. — precipitazione cleli*emoglobina 
S con falcizzazione dei globiili rossi sarebbc indotta da va- 
riazioni del P osmolality conseguenti alia somnilnislrazione di 
MdC; il magglor rischio si verifica in seguito alia sommini- 
slrazionc intra rtcriosa, specie rid alte dosi e in case di arte- 
riografia cerebrale o cardiaca. SUidi in vitro hanno dimo- 
sirato iin minor rischio di falcizzazione erilrocitaria in se- 
guito air utilizzo di MdC iion ionici. 

FeocrornociiomcL — Nel passato sonostati segnalati casi 
di crisi ipertensive anche severe in pazienti con feocromo- 
citoma in seguito a studi vascolari selettivi con iniezione di 
MdC ionici nella vena o arteria siurenalica dell'organo af- 
fetto, e pill raramente in TQ, Ci6 era dovuto al rilascio in cir- 
colo di nolevoli quantitfl di catccolamine. Nessuna segna- 
lazione e tuttavia pervenuta con P uso di MdC a bassa osmo- 
lalittl. 

TireotossicosL — In pazienti con uno stalo di ipertiroi- 
dismo, ancora alio sladio subclinico o gia manifesto, la som- 
niinislrazione di MdC iodati puo porlare ad uno stato di iper- 
tiroidismo scompensato fino alia crisi tireotossica. Poich6 
tall alterazioni sono legate alPapix>rto di iodio, Pincidenz^ non 
varia con Puso dei LOCA. Peculiare h inoltre il fatto che il 
deterioramenlo della funzione tiroidca si manifesti non acu- 
lamentc ma a distanza di seiti inane o mesi. Utile pu6 essere 
la somministrazione preventiva di perclorato, che inibisce 
Passorbimento dello iodio da parte della tiroide, e di meti- 
mazolo che inibisce la sintesi onnonaie (Westhoff-Bleck M, 
1991). Inoltre Puso del perclorato appare indicate nei pa- 
zienti che devono successivamente essere sottoj^osti a studio 
scintigrafico tiroideo, poiche cventuali atomi di iodio libero 
potrebbero essere captati dalla tiroide con conseguente com- 
parsa d i f a I s i posi ti v i . 

Miastcnia gravis. — In seguito a somministrazione di 
MdC iodati diverse sono state le segnalazioni di brevi "crisi" 
miasteniche. Da segnalare che tutti i pazienti reattivi avc- 
vano gi^ in preccdenza sintomi bulbari. 

Menzione a parte deve essere fatta per lo stato gravidico 
e Pallattamento: eccezionale b la somministrazione dei MdC 
m gravidanza per la conseguente esposizione a Rx; in tali 
casi tuttavia pur non essendo provato Peffetto tcratogeno dei 
MdC, la loro somministrazione dovrebbe essere evitata, 
Inoltre, nelPuliimo trimestre di gravidanza, in seguito al pas- 
saggjo del MdC attraverso la placenta potrebbero insorgere 
dist unzioni della tiroide fetiile, quali ipotiroidismo. 

Nessuna controindicazione invece alPallattamento dopo 
somministrazione di MdC: data la scarsa liposolubilitt^, meno 
del 1 % della dose somministrata alia madre h escreta nel 
lattc materno nelle prime 24 ore. Poiche meno del 1% del 
MdC ingerito dal neonato viene assorbito nel tratto ga- 
strointestinale la dose assorbita sait circa lo 0,0 1 % di quella 
sommiinstrata alia madre. Qucsta quandtA rappresenUi meno 
delP I % della dose raccomandata per uno studio contrasto- 
grafico (ad es. TC) ch^ b di circa 2 ml/kg. 

Secondo Ic lince guida delPACR Committee la madre 
pu5 continuare regohnmente Pallattamento; tuttavia se la 
madre appare preoccupata circa i potenziali risclii, pu6 essere 
consighata Pastcnsione dalPallattarnento nelle prime 24 ore 
con Pchminazione del latte materno in tale intervallo di 
tempo. 



TABBLLA IX. — Inlliienza delta gravila della malatlia pre-csistentci 
allaconiparsadi rcazioni al MdC. Classirica7.ione ASA Campus Link 
1993(56671 pa/Jeali). 





ASA 


1 


2 




4 


5 


Pazienti 


7942 


11126 


35004 


2510 


I 12 


Rcazioni 


34 


572 


208 


28 


3 


% 


0,42 


0.51 


0.59 




2.6 



Effetti sulla coagulazione 

B ormai accertato che i MdC inteif eriscono con il sistcma 
della coagulazione in particolare inibendo la poliinerizza- 
zione delta fibrina e I'aggregazione piastrinica e possono 
potenziare Pazione anticoagulante deU'eparina (Parvez, 
1984). Tuttavia tali effetti appaiono meno marcati per i MdC 
non ionici, specie alle alte concentrazioni. IJeFfetto anti- 
coagulante e sempre stato considerato come un fattore ag- 
giuntivo protettivo nelPevitare la comparsa di trombi dt^- 
rante le manovre di cateterismo angiografico. 

La maggior proprieta anticoagulante dei MdC non ionici 
e legata alia loro maggiore inerzia e biocom|:>atibilita. 

Mentre la maggior parte degli studi si)erimentali ha con- 
termato le caratteristiche anticoagulanti dei MdC (Spitzcr 
SG, 2002), alcuni hanno sospettato una loro possibile au- 
nientata attivitatrombogenica(Pislaru S, 1998). Gli episodi 
trombotici che si sono vei ificati durante la somministrazione 
di MdC indicano la complessa natura del delicato controlio 
dei meccanismi emostalici e tromlx)tici. I faltori di rischio per 
le possibili complicanze trombotiche sono rappresentate 
dalle variecondizioni di ii^ercoagulabilitacome lasindrome 
da q:)erviscosita e il deficit di proteina C/S c di antitrombina 
in (Farced .1, 1990). 

Molteplicita dei fattori di rischio 

Fra le molteplici cause favorenti o aggrtivanti il rischio di 
reazionc al MdC deve essere considerata la pre-esislente co- 
morbiditfi del pazientc, piii spesso in termini di i:)atologia re- 
nale o cardiaca. 

L'incidenza di eventi avversi e in diretta proporzione alia 
severita della malattia sottostante. 

In unaosservazione prospettica nazionale (Campus Link) 
di 56671 casi di radiologia diagnostica invasiva e iterventi- 
stica, la percentuale non solo delle complicanze, ma anche 
delle rcazioni avveise b diret.lamente protx^rzionale alia classe 
di gravit*\ clinica valutaia nella scala ASA ( I normale; 5 mas- 
sima gravita). 

Come si pu5 osservare in tabella IX, tanto piii grave e lo 
sl;ato clinico del i^aziente, tanto piii aumenta non solo la gra- 
vity, ma anche la frequenza delle rcazioni avverse. 

Si noti clie per class i ft care lo stato clinico del pazientc la 
scala ASA (American Society of Anesthesiologist) non iiti- 
lizza esami di laboratorio o akri test, ma solo la valutazione 
chnica o anamnestica del pazientc. Cioe quanto indicate 
nella circolare del Ministero della Sanita nel 1997, con la 
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quale si h lolto alia baUeria degli esami preliminari la capa- 
cita di poter prevenire incidenti da MdC (fig. 8), riballando 
sulla valutazione clinico-anamnestica la piu imporlante pre- 
veiv/Aone dellc reazioni avverse. 

Mezzi di contrasto contenenti gadolinio per esami 
ladiografici 

I MdC contenenti gadolinio delcrnunano un enhancement 
tissutale e vascoiare in TC e possono essere usati in alverna- 
tiva ai MdC contenenti iodio. 

In particolare e stato suggerito I'utilizzo dei MdC a base 
di gadolinio per gli esami radiografici dei pazienti con in- 
s uf ficienza renale, con pjccedente reazione sevcia genera- 
lizzata ai MdC o sotloposti a trattamento con radioiotiio per 
patologie tiroidee. 

II gadolinio ha un alto niimero atomico (Z=64) rispetto alio 
lodio (Z:=53) e un piu elevalo K edge (50 KeV rispetto a 33 KeV 
dello iodio). Pertanto il gadolinio assorbe una maggior fra- 
zione dello spettro energetico e determina una maggior aUe- 
nuazione dei raggi X, durante racquisizione delle immagini TC. 

Alia concentrazione equimolare di 0,5 mol/L I'attenua- 
zione del MdC contcncnte gadolinio (3069 UH) era appros- 
sunativamente del 50% superiore a quella ottenuta con 320 
mg/ml del MdC iodato (1979 UH) (Gierada OS, 1999). 

II MdC contenente gadolinio produce pertanto un enhan- 
cement vascoiare e tissutale sostanzialmente sovrapponibile 
a quejJo ottenuto con un analogo volume di MdC iodato. 
presentando inoltre una analoga biodistribuzione cd escre- 
zione, con quest* ultimo. 

Uattenuazione di entrambi i tipi di MdC decresce con 
I'aumento del voltaggio del tubo radiogeno, se queslo oscilla 
tra 80 e 1 37 KV, maquesto decremento ^ piii pronunciato per 
lo iodio. 

Se misurato a 120 KV il gadolinio e approssimativamentc 
del 40% piu elficicnle neirassorbimento dei raggi X rispetto 
alio iodio ad una concentrazione equivalente. 

La maggior attenuazioneTC del gadolinio h determinata 
dairmterazione fotoelettrica dei fotoni a maet-iore enercia 
(SchmitzSA, 1995). 

Tuttavia una recente revisione delia letteratura, in accordo 
con i dati spcrimenlaU sugli animali, in merito airutilizzo di 
quest! MdC non ha indicato una loro minore nefrotossicita l i- 
spettoai MdC iodati (utilizzxiti a dosi equivalenti perottencre 
la stessa attcnuazione dei raggi X). Pertanto anche i MdC a 
base di gadolinio non dovrebbero essere usati nei pazienti con 
insulficienza renale. 

Inoltre anche I'impiego nelle altre due indicazioni (prece- 
denti reazioni severe ai MdC iodati e tireopatia) al dosaggio 
di 0,3 mmol/kg, non ibrnisce nella maggior parte dei casi 
mlormazioni diagnostiche adeguate CFhomsen HS, 2002). 

Li nee guida: domande e risposte 
Vedi anche Dawson P, ClauB W (1994). 

— Una storia di ipersensihUitd ai MdC o dlaUergle pud 
aumentare i rischi dei pazienti sottoposii ad esami con MdC? 

I MdC radiografici (cosi come gli anestetici locali o in- 
travascolan ed i sostituti plasmatici) possono determinare 



delle reazioni pseudoaliergiche, Tuttavia esse haimo rara- 
mente una origine immunologica e sono pertanto chianuue 
pseudoanafilattiche o anafilattoidi. 

Ui loro patogenesi non h nota, ma sembra comprenderc 
Tattivazione del complemento, il rilasciodiretto di mediatori, 
come ristamina e la serotonina, Tinterazione con i sistemi 
clella coaugulazione e fibrinolitici e con il sistema callicreina- 
chinina. 

Lo studio di Katayama ha dimostrato una fiequenza di 
reazioni avverse cinque volte maggiorc nei pazienti con pre- 
gressa reazione ai MdC (con i MdC non ionici la frcquenza 
era di 1 1 ,3% per i soggetti con preccdenti reazioni, contro il 
2,2% dei peizienti con anamnesi negativa). 

Successivi studi eseguiti su campioni piu ampi hannocon- 
fermato i risultati ottenuti da Katayama, ed hanno aifermato 
anche il minor rischio potenziale dei MdC non ionici ncllo 
scatenare reazioni anafilattoidi (Gerstmann, 1991). 

La presenza di diahete melUto rappresenta un rischio 
nello somminislrazione di MdC? 

Nei pazienti alTeUi da nefropatia diabetica la sommini - 
strazione di MdC pu6 costituire un alto fattorc di rischio di 
deterioramento della funzionalita renale fino alia comparsa 
di una franca insufficienza renale acuta. 

Tuttavia la comparsa di sclerosi glomerulare e di meta- 
plasia tubulo-interstiziale si verifica rarameiite, coinvolgendo 
meno del 50% dei pazienti dopo piu di 10 anni di malaltia. 
Pertanto il diabete mellito non rappresenta un lattore di rischio 
nella somministrazione di MdC iodati. 

— Le gamniopatie nwnoclonali rapprescntano un rischio 
nella soniministrazione di MdC? 

Alcuni anni fa in seguito air occasional e osservazione in 
vitro di tinaaggregazione tra il MdC c le protcine di Bence- 
Jones SI ipotizzo che questa potesse essere la spiegazione 
degli isolati casi di insufficien/^n renale acuta osservali nei pa- 
zienti affetti da gammopatie monoclonali sottoposti ad uro- 
grada. LMpotesi era che i precipitati paraproteici polessero de- 
terminare una nefropatia ostruttiva con consegucnte insuffi- 
cienza renale, 

1 risultati degli studi in vivo non hanno confcrmato qucste 
ipotesi: recenti studi retrosi>ettivi eseguiti su pazienti affetti 
da mieloma multiplo indicano che non vL sono inlluenze 
sulla escrezione renale. 

Pertanto ladiagnosi di mieloma multiplo non rappresenta 
una controindicazione assoluta alFuso dei MdC. 

Tuttavia in tali pazienti si raccomanda Tuso dei MdC non 
ionici associato ad una adeguata idratazione (1000- 1 500 ml 
di soluzione fisiologica alio 0,9%), I'utilizzo di una dose di 
contrasto piu bassa possibile e la sospensione dei farniaci 
netrotosssici. 

— / MdC possono alterare la funzionalita tiroidea? 

1 MdC iodati non hanno una diretta inlluenz^i sullafunzione 
della tiroide, ma le preparazioni possono contenere piccole 
quantity di iodio libero. Sia la quota di iodio libero, sia la 
qtiota legata possono prendere parte al metabolismo dello 
lodio e mfluire cosl sulla funzione tiroidea. 
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n una condizione di ipcrliroidismo latcnte la quantiu\ di 
lodio sommmistrata pu6 essere suificiente a scatenare un 
ipertiroidismo chnicamente evidente. Gli effelti sono tut- 
tavia tmnsilori e reversibiJi. 

Nei pazienti ipertiroidei, alio scope di evitare una csacer- 
bazjone dei sintomi con la comparsa di una crisi liieotos- 
sica. b necessana la somniinistrazione delJa abituale terania 
pri ma del 1 esanie con MdC. 

Non ci sono test, per riconoscere il rischio di una crisi ti- 
reotossica. 



IJincidenz^ delle crisi e tuUavia slimala inlorno a I • 50000 
in Ger mania. 

— // MdC e unfattore di rischio per i pazienti affeiti da 
gozzo niuLtinodulare? 

La somministrazione di iodio aggiunlivo contenuto nel 
MdC pu6 determmare una transitoria condizione di iperti- 
roidismo metaboHco, per la produzione di orrnoni da parte 
di gruppi di tireociti non piii soltoposti al normale feed- 
back. 
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Fig. 9. - Modulo per la sc^jnala/jone dclle rcazioni avverse alia Autorilh Saniiaria dclla Sirultura, 
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Tale condizione si pu5 verificare fmo alia completa escrc- 
zione dello iodio somministralo con il MdC. 

— Qiial i I'utiUtd. dei test prel'uninari per valutare gli 
evenluali rischi Legati aW esposizlone ai hddC? 

Noil esistoiio esami in grado cli prevedeie Tinsorgenza 
di el fetti secondari alia soinministiazione di MdC. In pas- 
sato era di uso comune la somministrazione di piccole dosi 
di MdC per via sottocutanea, intradermica o intravasale 
alio scopo di idendncare evenluali reazioni di ipersensi- 
bilila. 

Spesso i risuUati erano dubbi: una risposta posiuva al test 
di ipersensibilita poleva essere segiiita da una tolleranza conv 
pletamente asiutomatica al MdC, mentre si potevano verifi- 
care reazioni anche gravi dopo un test negativo 

Uincertezza inlerpretativa dei test preliminari, unita al- 
I'evidenza clie piccole dosi di MdC potevano innescare se- 
vere reazioni analilattoidi indusse nel 1967 il Congressodei 
Radiologi Europei a bloccare la somministrazione dei test pre- 
liminari. 

Oggi e assunto clie le reazioni antigene-anticor|X) che si ve- 
rificano dei test preliminari non sono coinvolte nelle rea- 
zioni di ipersensibilitJl ai MdC e che iin rapido intervento 
terapeutico rimane sempre la procedura piu importiinte nel 
caso in cui si verifichino le suddette reazioni. 

— Qual e VutUitd deU'anestesia nel prevenire la com- 
parsa delle reazioni da MdC? 

Le caratteristiche stesse delPanestesia generalc impcdi- 
scono il nianifestarsi delle reazioni da MdC moderate come 
nausea e vomito. 

Per qiianto riguarda le reazioni cutanee o Tipotensione 
non si evidenziano significative differenze nella loro fre- 
quenza. 

Inoltre Je reazioni piu severe, come lo shock anafilat- 
tico, sono state osservate anche in caso anestesia genera! e 
del paziente. Pertanto la sedazione non assicura una as- 
soluta protezione contro le reazioni avverse da MdC e 
non vi sono giustificazioni al suo utilizzo a scopo pre- 
cauzionale. 

— Che ruolo svolgono gli additivl nella formulazione dei 
MdC? 

1 MdC non ionici non contengono citrato di sodio, ma una 
preparazione di BDTA chiamata calcium disodium edetato. 
Ne questi additivi, nc le molecole non ioniche stesse legano 
signiflcativamente il caicio e ci6 contribuisce indiibbiamente 
a ridurre la loro cardiotossicita. 

Alcuni sUidi sugU animal i hanno suggerito che I'assenza 
di ioni sodio nei MdC non ionici jxXrebbe determinare un au- 
mento nelT incidenza della librillazione ventricoiare. 
Nonostante studi successivi abbiano smentito questa ipo- 
tesi, e stata suggeiiia Taggiunta di sodio sottoforma di sodio 
citrato. 

Ci6 alio scopo non solo di supplirc aila mancanza di ioni 
sodio, per minimizzare Pincidenza della librillazione ven- 
tricoiare, ma anche per ripristinare, mediante un ePncace le- 
game con il caicio, i potenti effelli anticoaugulanti che erano 
propri dei MdC ionici. 



— 1 MdCpossono essere diluiti o mescolati con altrl far- 
mac I? 

Le soslanze con cui preferenzialmente si possono diluire 
i MdC sono la soluzione fisiologica o eventiiaimcnte, tc- 
ncndo conto della parti colare osmolaliti^, Piicqiia. 

La compatibilit^i con allre sostanze deve essere giudicata 
in base al colore, alia limpidezza e al pH, quest' ultimo non 
dovrebbe mai discostare da un range definito (ad esempio nel 
caso dello lopromide, Ultravist, questo range oscilla tra 6,5 
e 8). 

A causa del ix)ssibile rilascio di iodio, il mescoianiento con 
altre sostanze pu5 avere forti effetti riducenli. 

Anche la crcazioni di soluzioni con metalli pesanti do- 
vrebbe essere evitata; il mescolamento con altri larmaci do- 
vrebbe ay venire solo dopo adeguati lestdi compatibilita e le 
soluzioni ottenute dovrcbbero essere preparate inimediata ■ 
mente prima della somministrazione. 

~ Eslstono aiti formali da eseguire in caso di reazione ov- 
versa? 

Le reazioni avverse osservate non vanno registrate solo 
nelle cartelle, o file, della Struttura, ma vanno segnalate 
alTAutorit^ Sanitaria responsabile della Struttura, in mo- 
dulo predisposto dal Ministero della Salute. 11 modulo (fig. 
9) per la segnalazione delle reazioni avverse a farmaci e 
quindi anche a MdC, deve essere presente in ogni sede ove 
vengano eseguite queste somministi-azioni. Inoltre il Ministero 
della Salute nel potenziamento della farmacovigilanza ha 
istituito una Rete Nazionale di Farmacovigilanza in ambiente 
web. I MdC, farmaci, inclusi nella classe VO della categoria 
terapeutica ATC (Guidelines for ATC, 2002), sono stati og- 
gctto nelPanno 2001 del 2,4% di tulte le segnalazioni di rea - 
zioni avverse ai farmaci (BoUettino d*i nf ormaziojie sui far- 
maci, 2002), valore pari a quello delle reazioni a penicillinc 
e cefalosporine. La segnalazione di reazione av versa, che va 
fatta alle Autorit^ locaii sanitarie, in precedenza era obbli- 
gatoria per tutte le reazioni, anche licvi e transilorie; pur- 
Iroppo su questo punto i radiologi non brillarono per corret- 
tezza. Molto recentemente Pobbligo di segnalazione e stato 
limitato alle reazioni avverse gravi o inattese (D.Lgs. 8 aprile 
2(303 n. 15 del Ministero della Salute) con modalita tempe- 
stiva (entro 7 giorni). Va inline ricordalo che non h necessaria 
una dimostrata responsabilita del MdC, ma e sufllciente che 
Poperatore abbia solo il sospetto della attribuzione al MdC 
della reazione. 

Sintesi delle tappe di esecuzione di un esame con 
MdC 

11 radiologo» o lo specialista che esegua aitivit^ radiodia- 
gnostica complementare alPesercizio clinico, quando debbano 
ricorrere alia somministrazione di MdC per una procedura 
diagnostica o interventistica, devono tenere conto degli atti 
sequenziali nella realizzazione della procedura. 

1 ) accettazionc dell' indagine richiesUt e valutazione della 
congruit^; 

2) valutazione clinico-anamnestica del paziente. dei faltori 
di rischio, anche dopo eventuale consulto (11 g, 10) ed ese- 
cuzione della procedura; 
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Fig. 10. — Modulo-richieslapcresami radiologici con MdC iodaii. 



3) in scguito a partcxipazione ai corsi di aggiomamenlo ob- 
bhgalono prcvisli, capacila di altuare le inanovre rianiraatorie 
immediate tese a manteiiere le funzioni vitali del pazientc in 
case di grave reazione avversa (BLS, Basic Life Suppoif 
Circolarc del Ministero delia Sanitii, 1997; Fig. 8)- 



4) predisposizionedei mezzi di intervento: rnateriaii, far- 
maci, servizi di rianimazione; 

5) segnalazione delle reazioni avversc: tale alto profes- 
sionale deve esseie condiviso e rtgorosamente attuato anche 
ai fini medico-legali. 
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The intravascular administration of contrast media (CM) can produce acute haemodynamic changes in 
the kidney characterized by an increase in renal vascular resistance and a decrease in the glomerular 
filtration rate (GFR). These changes may lead to clinically significant reduction in renal function in 
patients with pre-existing risk factors such as diabetic nephropathy, congestive heart failure and 
dehydration. The pathophysiology of the renal haemodynamic effects of CM involves activation of the 
tubuloglomerular feedback (TGF) mechanism and the modulation of the intrarenal production of 
vasoactive mediators such as prostaglandins, nitric oxide, endotheiin and adenosine. The TGF response is 
osmolality-dependent and accounts for about 50% of the acute functional effects of high osmolar CM on 
the kidney. Reduction in the synthesis of the endogenous vasodilators nitric oxide and prostaglandins 
increases the nephrotoxicity of CM. Endotheiin and adenosine play a crucial role in iiiediating the acute 
functional effects of CM. Antagonists of these mediators attenuate the reduction in renal function 
induced by contrast agents. Vacuolization of the cells of the proximal tubules and necrosis of those of 
the medullary ascending limbs of loops of Henle are the main structural effects of CM in the kidney. The 
reduction in renal function induced by CM could be minimized by the use of low osmolar CM and 
adequate hydration. The prophylactic administration of calcium channel blockers and adenosine 
antagonists such' as theophylline may also offer some protective effect. 
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Combined acute inhibition of the synthesis of nitric oxide with L-nitroarginine methyl 
ester (L-NAME) and of prostacycline synthesis with indomethacin predisposes rats to 
severe renal injury from radiographic contrast media. The reliability of this 
pharmacological manipulation in the study of radiographic contrast medium induced 
nephropathy (RCMN) was investigated. Adult male Sprague-Dawley rats were injected 
wvth .V L-NAME (10 mg kg^) and iv indomethacin (10 mg kg"') 15 min apart and prior to injection of 
RCM or normal saline (control group). A dose-dependent reduction in renal function was observed after 
intravascular mjection of the high osmolar RCM diatrizoate (Angiografin, 306 mgl mr"). A significant 
(p<0.01) increase in serum creatinine (Cr) (from 54.66±8.39 /.mol l"! to 17 1 .96±24 49 /nnol 1"' and 
from 80 95±6.73 ^mol I"' to 204.76± 16.73 ;^moI -',„=5 per group) was observed 24 h after injection of 
6 ml and 8 ml of d.atrizoate, respectively. The increase in serum Cr after injection of 8 ml of diatri7oate 
recovered spontaneously to 80.87±8.70 ;.mol 7 days after injection. No significant change in renal 
luncuon was observed in the control group (.=5) receiving 8 ml kg"' of normal saline or after injection 
of 4 ml of d.atrizoate (serum Cr 69.84±5.5 ;^mol 1"' pre contrast injection and 66.67±1 3 47 umol 1" ^ 24 h 
post contrast injection, «=5). The increase in serum Cr observed with 6 ml of diatrizoate was 
significantly higher (p<0.01 ) than the rise induced by equivolume of the low osmolar non-ionic monomer 

',T.o .0 m " ' f ' '"'^^ 68.47±8.39 ;.moI pre contrast injection and 

43.59±32.03 ^mol 1" 24 h post contrast injection. „=5). The calcium channel blocker diltiazem 
(10 mg kg injected intraperitoneally 30 min prior to RCM injection) prevented the rise in serum Cr 



observed with 6 ml of ciiatrizoate (serum Cr pre contrast injection 70.31 ±7.28 ^.mor^ and 

78.21±17.8I /^mol~' 24 h post contrast injection in animals pre-treated with diltiazem, n-5). The 

protective effect against RCM-indiiced reduction in renal function was less with lower doses of 

diltiazem. In conclusion, the animal model used is reliable and reproduced previously established 

observations in the field of RCMN. The protective effect of a calcium channel blocker at the appropriate 

dose against RCMN has also been shown. The clinical effectiveness of this class of drugs in preventiuR 
RCMN requires further evaluation. ^ 
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Radiographic contrast medium (RCM) induced nephropathy (RCMN) remains an 
important cause of hospital-acquired renal failure i:i-3]. The incidence of RCMN is 
likely to increase with the wide use of spiral CT imaging with intravascular contrast 
enhancement, including CT angiography and perfusion studies, as well as interventiona 

cardiovascular procedures particularly in patients with compromised general health. An 

understanding of the mechanisms responsible for the renal effects of RCMN has improved with the use 
of a wide range of experimental animal models [41. The endogenous biological substances endothelin 
and adenosine have recently been identified as important mediators of the renal effects of radiographic 
contrast media 15,61. Renal ischaemia appears to be an important prerequisite for the development of 
RCMN, which is difficult to induce in animals with normal renal function and perfusion. Several 
experimental animal models have been used in studies of RCMN, including rabbits pre-conditioned by 
salt depletion and indomethacin I?], rats exposed to multiple insults (uninephrectomy, pre-treatment with 
mdomethacm and salt depletion for several days before RCM administration) IBl, rats with hypertension 
induced by oral L-n.troarginine methyl ester (L-NAME) for several weeks before the administration of 
RCM |9|, dogs with congestive heart failure produced by rapid ventricular pacing 110] aging 
spontaneously hypertensive male rats [Hi and rats with renal ischaemia induced by the combined acute 
mhib.tion of the synthesis of the endogenous vasodilators nitric oxide and prostacycline [121 The latter 
model ,s easy to prepare, involves only an acute pharmacological pre-treatment and does not require 
surgical intervention. In this study we have investigated the reliability of this animal model in the 
nwestigation of RCMN. The dose dependency and time course of the renal effects of RCM has also been 
assessed, as well as comparing the renal tolerance of high osmolar and low osmolar radiographic 
contrast media and the protective effect of a calcium channel blocker against RCMN 



Methods 



Experimental protocol 

Adult male Sprague-Dawley rats (200-350 g, Shanghai Medical University breed 
China) were kept in metabolic cages for 24 h prior to the insults, with free access to tap 
water and standard rat chow. After a baseline 24-h urine collection, the rats were 
anaesthetized with intraperitoneal injection of sodium pentobarbital (4 mg per 100 g 
body weight) The left femoral vein and artery were cannulated and a baseline blood sample {^1^^, 
drawn from the femoral vein. 10 mg kg-' indomethacin and 10 mg kg' L-NAME were administered via 
the femoral vein at 1 5 min intervals. After an additional 1 5 min, RCM or 0.9% normal saline (control) 
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were injected via the femoral artery cannulation. The rats were kept in the metabolic cages for another 

24 h for urine collection, without access to water but freely fed with standard rat chow. At the end of this 

period rats were anaesthetized with ether gas and a blood sample ( i ml) was drawn, either from the 

inferior vena cava at laparotomy (in experiments 1, 2 and 4 rats were sacrificed at this stage) or from the 

femoral vein (experiment 3). The rats were allowed to recover, whh free access to tap water and standard 

rat chow. Blood was sampled 7 days later from the right femoral vein under brief ether anaesthesia 
(experiment 3). 

Seium and urine creatinine (Cr) were determined by standard colorimetric methods using a 721 
Spectrophotometer (Shanghai No. 3 Analytical Instrument Factory, Shanghai, China). 

( I) ElTecLs of dilTerent doses of RCM on renal function 

After the injection of indomethacin and L-NAME, rats were injected with either 4 ml kg"' , 6 ml kg"' or 
8 ml kg-' of diatrizoate (306 mgl) or 8 ml kg' of normal saline (control group) via the femoral arterial 
cannula over a 5 min period (n=5 per group). Serum Cr and Cr clearance were measured 24 h pre and 
24 h post injection of diatrizoate or saline, as indicated in the experimental protocol. 

(2) Effects of the high osmolar diatrizoate and the low osmolar iopromide on renal function 

After injection of standard doses of indomethacin and L-NAME, either 6 ml kg' of diatrizoate 
(306 mgl m|-l) or iopromide (300 mgl ml"') were administered via the femoral arterial cannula over a 
5 min period («=5 per group). Serum Cr and Cr clearance were measured 24 h pre and 24 h post injection 
of RCM, as indicated in the experimental protocol. 

(3) Time course of renal function after injection of diatrizoate 

After injection of standard does of indomethacin and L-NAME, 8 ml kg"' (306 mgl ml'') of diatrizoate 
were administered via the femoral arterial cannula over a 5 min period in=5). Serum Cr was measured 
24 h before the insults and 24 h after and 7 days after the injection of diatrizoate. 

(4) Effect of the calcium antagonist diltiazem in preventing RCMN 

After injection of standard doses of indomethacin and L-NAME, an intraperitoneal injection of either 
2 mg kg-' , 6 mg kg"' or 10 mg kg' of diltiazem (4 ml for all three groups with the concentration of 
dilitiazem being 0.5 mg ml ', 1.5 mg ml'i and 2.5 mg ml' ', respectively) or 4 ml of normal saline control 
group was given. 30 min later, 6 ml kg"' of diatrizoate (306 mgl ml'') was administered via the femoral 
arterial cannula over a 5 min period (n^5 per group). Serum Cr and Cr clearance were measured 24 h pre 
and 24 h post injection of diatrizoate, as indicated in the experimental protocol. 

Materials 

The radiographic contrast media used were the high osmolar ionic monomer diatrizoate (Angiographin, 
306 mgl ml-i ; Schering AG, Beriin, Germany) (osmolality 1500 mosmol kg"' H2O) and the low osmolar 
non-ionic monomer iopromide (Ultravist, 300 mgl ml"'; Schering AG, Beriin, Germany) (osmolality 6 10 
mosmol kg- H2O). Indomethacin (Sigma Chemical Co., St Louis, MO) was dissolved in phosphate 
buffer (pH 8-9) at a concentration of 3.3 mg mr ' . L-NAME (L-Nitro-arginine methyl ester) (Sigma 
Chemical Co. St Louis,. MO), was dissolved in 0.9% normal saline at a concentration of 4 mg ml"' . 
Diltiazem (Shanghai Yan'an Pharmaceutical Factory, Shanghai, China) was dissolved in 0.9% normal 
sahne at concentrations of 0.5 mg ml"' L5 mg ml"' and 2.5 mg ml"' respectively. 

Analysis of results 



All values were reported as mean±standard deviation (SD). Serum Cr levels were presented in ^anol 1"' . 
When comparing the magnitude of serum Cr between groups, the changes in percentage, i.e. [(serum Cr 
after insults - serum Cr before insults)/serum Cr before insultsj X 100%, were applied. Cr clearance was 
measured using the formula UV/P, where U=Cr concentration in urine, V=urine volume min"' and 
P=serum Cr. The percentage change of Cr clearance before and after the insults {|(Cr clearance before 
insults-Cr clearance after insults)/Cr clearance before insultsj x 100%} were presented. 

The Student's Mest for paired data was used to determine the significant differences within groups. 
Analysis of variance was used for comparisons between groups. p<0.05 was considered significant. 



► Results 

Experiment 1 

The control group («=5) receiving 8 ml kg"' of normal saline showed no significant 
changes in serum Cr or Cr clearance (Figure lE). Animals injected with diatrizoate 
showed dose-dependent changes in serum Cr and Cr clearance (Figure lEl). 
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Figure 1. Effects of different doses of radiographic contrast 
medium on renal function of rats pre-treated with indomethacin 
and L-nitroarginine methyl ester (L-NAME). (a) Serum 
creatinine (Cr) before (□) and 24 h after (M) injection of 
8 ml kg"* saline (Group 1, control) or increasing doses of 
diatrizoate (Group 2, 4 ml kg-* ; Group 3, 6 ml kg"^ ; and Group 
4, 8 ml kg"^). Significant increases (V<0.01) in serum Cr 
occurred in Groups 3 and 4, but no significant rise occurred in 
Groups 1 and 2 (n=5 per group). The rise in serum Cr in Group 
4 was significantly higher (p<0.05) than in Group 3. (b) 
Percentage change in Cr clearance from baseline (24 h pre 
injection) to 24 h post injection with 8 ml kg"* saline (Group I , 
control) or increasing doses of diatrizoate (Group 2, 4 ml kg"* ; 
Group 3, 6 ml kg"^ ; and Group 4, 8 ml kg ^ Significant 
decreases (V<0.01) in Cr clearance occurred in Groups 3 and 4 
but no significant change occurred in Groups 1 and 2 (n=r5 per 
group). The decrease in Cr clearance in Group 4 was larger 
(p<0.05) than in Group 3. 



Experiment 2 

The effects of the ionic RCM diatrizoate on renal function were more severe than those of the non-ionic 
RCM lopromide (Figure 213). 




Figure 2. Effects of the high osmolar diatrizoate and low 
osmolar iopromide on renal function of rats pre-treated with 
indomethacin and L-nitroarginine methyl ester (L-NAME). (a) 
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Serum creatinine (Cr) before (□) and 24 h after {M) injection of 
either 6 ml kg"^ of diatrizoate (Group 1) or iopromide (Group 

2). Significant increases (*p<0.01) in serum Cr occurred in 
both groups, but the rise in Group 1 was significantly higher 
(p<0.05) than in Group 2 {n=5 per group), (b) Percentage in Cr 
clearance from baseline (24 h pre injection) to 24 h post 
injection of 6 ml kg"^ of diatrizoate (Group I) or iopromide 
(Group 2). Significant decreases (*p<O.Ol) in Cr clearance 
occurred in both groups, but the reduction in Group 1 was more 
severe (/?<0.05) than in Group 2 {n~5 per group). 



Experiment 3 

The rise in serum Cr induced by 8 ml kg"^ of diatrizoate at 24 h post contrast injection recovered 
spontaneously at 7 days (Figure 3H). 
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Figure 3. Time course of renal function after injection of 
diatrizoate in rats pre-treated with indomethacin and L- 
nitroarginine methyl ester (L-NAME). Significant increase 

( p<0.01) in serum creatinine (Cr) occurred 24 h after injection 
of 8 ml kg" * of diatrizoate. Serum Cr returned to a level 
comparable with baseline (pre insult) 7 days after the injection 
of diatrizoate(n=5). 



Experiment 4 

The calcium antagonist diltiazem (10 mg kg"^) offered significant protection against the reduction in 
renal function induced by 6 ml kg~^ of diatrizoate (Figure 4®). Rats pre-treated with diltiazem (10 mg kg" 
') showed no significant rise in serum Cr (serum Cr at baseline 70.31±7.28 ^^mol 1~* and 
78.27±n.85 itmo\ 1"^ 24 h post contrast) but there was some reduction in Cr clearance (percentage 
decrease in Cr clearance 17.3±4.7%, /?<0.01). This reduction was significantly less in comparison with 
the other groups (Figure 4bl±l). Some protection was also observed in rats pre-treated with lower doses of 
diltiazem, but a significant serum Cr increase and Cr clearance reduction remained (Figure 4s). 




Figure 4. The effect of the calcium antagonist diltiazem in 
preventing radiographic contrast medium induced-nephropathy 
in rats pre-treated with indomethacin and L-nitroarginine 
methyl ester (L-NAME). (a) Serum creatinine(Cr) before (□) 
and 24 h after (M) injection of 6 ml diatrizoate in rats following 
intraperitoneal injection of either 4 ml of normal saline (Group^ 
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I in a new window] 1) or diltiazem (Group 2, 2 mg kg"' ; Group 3, 6 mg kg"' ; or 



Group 4, 10 mg kg"*). Significant increase Cp<0,Ol) in serum 
Cr occurred in Groups 1 , 2 and 3 but no significant rise 



occurred in Group 4 (/7.=5 per group). Comparison of the 
percentage rise in serum Crfrom baseline between groups was: 
Group l>Group 2 (p<0.05). Group 2>Group 3 (p<0.05) and 
Group 3>Group 4 (/?<0.01). (b) Percentage change in Cr 
clearance from baseline (24 h pre injection) to 24 h post 
injection of 6 ml diatrizoate in rats with introperitoneal 
injection of either 4 ml of normal saline (Group 1) or diltiazem 
(Group 2, 2 mg kg~^ ; Group 3, 6 mg kg"* ; or Group 4, 
10 mg kg"*). Significant decreases (*p<0.01) in Cr clearance 
occurred in all groups (n-5 per group). The smallest reduction 
occurred in Group 4. The extent of reduction was: Group 
2>Group 3 (p<0.01). Group 3>Group 4 (/:?<0.01). No 
significant difference was found between Groups 1 and 2. 



► Discussion 



Animal models are required for the study of the pathophysiology of RCMN. It is 

important that in vivo animal models are simple but clinically relevant. RCMN in man 

often occurs in patients with endothelial dysfunction, such as those suffering from 

diabetes mellitus, hypertension and atherosclerosis. It is also well documented in the 

literature that the intrarenal vasodilators prostacycline and nitric oxide, which are 

produced by healthy endothelium, are important for the perfusion of the renal medulla, which is 

particularly vulnerable to the ischaemic insult associated with the intravascular administration of RCM 

112]. Whilst normal rats are resistant to the development of RCMN, combined acute inhibition of the 

synthesis of nitric oxide and prostacycline via the administration of L-NAME and indomethacin, 

respectively, predisposes rats to severe renal injury from RCM 112]. Implementing these acute 

pharmacological manipulations to inhibit the renal synthesis of nitric oxide and prostacycline obviated 

the need for chronic preparation or surgical intervention required in other experimental animal models 

I8j. This study, in agreement with previous reports, has shown the reliability of this simple animal model 

in studying RCMN. It has reconfirmed that RCMN is dose dependent and the reduction in renal function 

can spontaneously recover within 7 days of RCM administration |2, 13, 14]. It has also shown the renal 

tolerance to a non- ionic low osmolar RCM to be higher in comparison with high osmolar ionic media. 

These findings are compatible with clinical observations, including the lower frequency of RCMN in 

patients with impaired renal function receiving a low osmolar RCM in comparison with those injected 
with high osmolar media |2, 1 4-161. 

Calcium ions play a crucial role in the physiology of smooth muscle cells. Constriction of smooth 
muscle cells is a function of intracellular calcium ion concentration. Although the sarcoplasmic reticulum 
contains an intracellular calcium ion pool that can be mobilized to give transient increases in the 
myoplasmic calcium ion concentration, sustained contraction of smooth muscle is totally dependent on 
the extracellular calcium pool and its influx. Central to the efficacy of calcium channel blockers is their 
ability to reduce transmembrane movement of calcium ions through the voltage-sensitive, calcium ion- 
selective channels. They disrupt excitation-contraction coupling by specific binding to high affinity sites 
m the plasmalemma. Calcium channel blockers therefore exert a pronounced vasorelaxant effect in the 
kidney and in other vascular beds. In addition to their complex influence on the renal microvascular 
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circulation, calcium channel blockers have a cytoprotective effect on renal cells by a number of 
additional mechanisms. These include inhibition of intracellular calcium "overload" after ischaemic or 
toxic injuries, a decrease in free radical formation, the modulation of mesangial traffic of 
macromolecules, a reduction in renal hypertrophy and even the control of immune response |17|. 

The role of calcium channel blockers in preventing RCMN has been investigated in both experimental 

animal models and clinical trials. It has been shown in the dog that calcium channel blockers inhibit 

RCM-induced intrarenal vasoconstriction [ISJ. However, results of clinical trials have been conflicting 

and the dosage of calcium channel blockers used in these studies could be a responsible factor. 

Prospective randomized clinical studies have shown that 3-day pre-treatment with a calcium channel 

blocker (20 mg day"' nitrendipine orally, starting 1 day before contrast medium injection) protected 

against RCMN |i9;|. On the other hand, a single dose of 10 mg or 20 mg nitrendipine orally 1 h prior to 

RCM injection failed to prevent the development of RCMN \2Q, HI Our experimental results suggest 

that calcium channel blockers can offer good protection against RCMN, but this effect is dose dependent. 

Small doses (<10 mg kg"' body weight) of the calcium channel blocker diltiazem did not provide good 

protection against the reduction in renal function induced by RCM. Further clinical studies using 

appropriate dosage are required to confirm the effectiveness of this class of drugs in prevention of 
RCMN. 

Effective prevention of RCMN remains a contentious subject. The use of a low osmolar RCM, adequate 
hydration and volume expansion with saline infusion for several hours before and after RCM injection 
offer some protection against this complication I Kj. The use of adenosine receptor antagonists, such as 
theophylines, have also been advocated, but clinical experience remains limited |2j. Endothelin (ET) 
antagonists have also been considered, but the only single clinical study using ET non-selective receptor 
antagonists has shown that this class of drug does not offer any protection I22|. However, the use of a 
selective ET-A receptor antagonist may offer some protection 14]. It is of interest that ET-induced 
vasoconstriction can also be prevented by calcium channel blockade 1.23]. It is therefore reasonable to 
suggest that a calcium channel blocker may have the same effect as an ET-A receptor antagonist in 
protecting the kidney against the ischaemic insult of RCM. Further investigations are required to compare 
the effectiveness of these two classes of drug in preventing RCMN. 

A recent study has shown that RCMN can be prevented by the prophylactic administration of the 

antioxidant acetylcystein (600 mg orally twice daily, 24 h before and continued for 24 h after RCM 

injection) and hydration with 0.45% saline (1 mg kg'^ body weight) infused 12 h before and 12 h after 

contrast injection |24]. However, the number of patients recruited in this study was small and small 

doses of iv RCM (75 ml of 300 mgl ml"! iopromide) were given to patients. 12% of these patients had an 

increase in serum Cr level of more than 44 ;^mol I"' within 48 h after contrast medium administration; 

2% in the acetylcysteine group and 21% in the control group. Further studies are required to validate the 

effectiveness of acetylcystine in preventing RCMN, particularly when larger doses of RCM are used or 

following intra-arterial administration. Nevertheless, the low cost of acetylcystine, its general availability, 

its limited side effects and its ease of administration makes the drug very attractive for routine use in 
prevention of RCMN. 
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^ Abstract 

Peripheral artery angiography, a common diagnostic procedure, inay cause early 
and late adverse reactions, such as anaphylaxis, thrombosis and possible 
progression of the underlying arterial disease. To test the hypothesis that 
radiographic contrast medium may contribute to these events by adversely 
affecting the endothelium, leucocytes and/or platelets, 19 subjects undergoing 
angiography for the investigation and/or treatment of lower limb atherosclerosis were recruited. Blood 
was obtained from the external iliac vein before, and at serial intervals after, the injection of radiographic 
contrast medium into the ipsilateral femoral artery for diagnostic use. Markers of endothelial cell injury 
(von Willebrand factor (vWf)), platelet activation (soluble P-selectin) and leucocyte activation 
(neutrophil elastase and soluble L-selectin) were measured in citrated plasma. Soluble intercellular 
adhesion molecule- 1 (slCAM-1) and thromboxane B2, which are non-specific markers of inflammation, 
were also measured. Compared with the sample prior to angiography, levels of soluble L-selectin and 
slCAM-1 were reduced (p<0.02) immediately after passage of the last bolus of contrast medium. 
15 min later, levels returned to normal but the level of vWf had increased (p<0.02). After 30 min, only 
levels of thromboxane 82 were increased (p<0.05). The following day both vWf (y7<0.01) and soluble P- 
selectin (p<0.05) were increased. These data point to both early and late effects of contrast medium on 
markers of endothelial, platelet and leucocyte function. 
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Diagnostic angiography is an essential investigation in the planning of surgical 
or interventional radiology treatment for abdominal and lower limb 
atherosclerotic disease. The use of intravascular contrast media may be 
associated with unfavourable reactions, such as a feeling of mild warmth or 
discomfort in the lower limbs, although serious adverse reactions such as 
anaphylactic shock are very rare. Various alterations in the functional properties of different blood cells 
and endothelial cells, such as in coagulation, have been reported li, 2|. Some of these reactions may be 
owing to adverse or cytotoxic effects of radiographic contrast medium, the catheterization process, the 
X-rays themselves, or any combination of these on the endothelium, coagulation system, leucocytes and 
platelets [31. Evidence for this hypothesis comes from in vitro experiments in which blood and contrast 
media are simply mixed and the properties of the resultant complex analysed 14-7 1, studies with cultured 
human and bovine endothelial cells [8-10], and animal experiments [1 1-16|. 

There have also been reports of the effects of contrast medium on humans in vivo. These include 
evidence of increased thrombotic and coagulation activity (raised thrombi n-anti thrombin III complexes, 
prothombin fragments 1+2 and D-dimers 1^,171), reduced levels of alpha-2-antiplasmin 1^|, the 
consumption of complement components and a neutrophil leucocytosis [18 [, and increased tissue 
plasminogen activator (arising from platelets and endothelial cells) and beta-thromboglobulin (a platelet- 
specific marker) [19]. Studies of endothelium, platelets and neutrophil leucocytes (cells fundamental to 
the pathogenesis of atherosclerosis) in vivo are limited in this respect. 

We hypothesized that there would be both early (within 30 min) and late (overnight) effects of contrast 
medium on endothelial cell, platelet and leucocyte function. To test this we measured levels of certain 
specific, relevant, recognized and well characterized markers of these cells. These were endothelial 
product von Willebrand factor (vWf), platelet product soluble P-selectin (sP-selectin) and leucocyte 
markers soluble L-selectin (sL-selectin) and neutrophil elastase. We also measured levels of soluble 
intercellular adhesion molecule- 1 (sICAM-1) arising from the endothelium, activated lymphocytes and 
other cells, and thromboxane B2 released from the endothelium, neutrophils and platelets. 

Increased plasma levels of vWf found in cancer, atherosclerosis and connective tissue disease reflect 
endothelial cell damage/injury and are associated with the development of adverse events such as 
myocardial infarction and stroke. However, it is unclear whether this added risk is a direct consequence 
of endothelial dysfunction and/or an increased risk of thrombosis, which vWf can promote by cross- 
linking platelets 12QJ. Increased levels of sP-selectin are becoming recognized as reflecting platelet 
activation, and therefore thrombotic potential, in vivo [21,22] and, like vWf, are present in 
atherosclerosis and cancer. They may also carry an increased risk of cardiovascular events [23, 24 1. The 
membrane- bound form of L-selectin, found on leucocytes, mediates binding of these cells to the 
endothelium. Although sL-selectin in the plasma retains biological activity and inhibits this adhesion in 
vitro, other functions are yet to be clarified [25, 2fi]. sICAM-1 and thromboxane B2, both non-specific 
markers of inflammation and both raised in the plasma of patients with peripheral artery disease [27, 2S|, 
were included to determine a possible inflammatory effect of the contrast medium, as atherosclerosis is 
believed to have an inflammatory component 1221. Our experimental approach was broadly similar to 



those of other workers [6, 17-19], i.e. taking serial plasma samples before and after the injection of 
contrast medium in the diagnosis and treatment of atherosclerosis. 



► Material and methods 

This project was approved by the Ethics Committee of South Manchester Health 
Authority, Informed, written consent was obtained from all participants. The 
project conformed to the guidelines of the Declaration of Helsinki [30]. 

Subjects 

19 patients were recruited from among those scheduled to undergo diagnostic 
radiography and/or angioplasty to investigate and/or treat presumed lower limb peripheral artery disease. 
Clinical and demographic details of the subjects are presented in Table IH. 45% of the interventions were 
performed on the left side. 70% of subjects were men and the mean±SD age of all subjects was 
63±12 years. 24 age- (mean±SD, 59±9 years) and sex-matched (67% men) healthy control subjects were 
drawn from attenders for endoscopy, hernia repair or minor operations, and from healthy hospital staff. 
None of the control subjects displayed symptoms of vascular disease or signs, e,g, carotid bruit, on 
clinical examination. Exclusion criteria for all subjects were venous ulceration, serological evidence of 
hepatitis B virus or HIV Infection, malignancy, acute or chronic liver and kidney disease, connective 
tissue disease, as well as the treatment or use of aspirin, thienopyridines, gpllb/llla blockers. Warfarin, 
vasopression, or immunosuppressive or cytotoxic drugs. Systolic and diastolic blood pressure was 
recorded in each subject following a minimum of 5 min rest. Subjects were asked if they regularly 
smoked cigarettes, were ex-smokers or if they had never smoked. 
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View this table: Table 1. Clinical, angiographic and demographic details of the 19 patients 
lin this window] 
I in a new window ] 

Protocol 

Following local anaesthesia using lignocaine, a 5 F catheter was inserted into the distal external iliac vein 
on the side that the investigation was to be performed. A blood sample (sample 1) was taken. The 
ipsilateral femoral artery was then punctured under local anaesthesia and the aorta was catheterized with 
a 4 F straight catheter with eight side holes. Diagnostic catheters and guidewires were flushed with 
heparinized saline. Up to 1 1 20 ml boluses of the contrast medium iohexol (Omnipaque 350, containing 
350 mg iodine ml"* (Nycomed Amersham pic, Chesham, UK)) diluted with heparinized saline (2000 U l" 
) to 240 mgl ml" * were then injected by an automated pressure syringe (Medrad) at 6 ml s'* . All 
procedures were performed by a single radiologist (R Ashleigh). Eight patients had angioplasty with an 
appropriately sized 5 F balloon catheter following the diagnostic angiogram, with a median of four 
(range two to eight) inflations. Thrombolytic agents were not used. A second blood sample (sample 2) 
was obtained lifter injection of the final bolus of contrast medium. Additional blood samples were taken 
from the venous line at 15 min (sample 3) and 30 min (sample 4) after last passage of the contrast 
medium. The femoral vein catheter was then removed and the patient returned to the ward. A final 
sample (sample 5) was taken from an antecubital vein the following morning on the ward. 



Blood processing 

Blood was collected into EDTA, sodium citrate or no anticoagulant Plasma or serum was obtained by 
centrifugation at 2500g for 10 min at 4 ""C and then frozen at -70 °C to allow batch analysis. vWf and sP- 
selectin were measured by a commercial ELISA (Dako, Denmark, and Takara Shuzo, Shiga, Japan, 
respectively) of the citrated sample. sL-selectin and slCAM- 1 (R&D Systems, Abingdon, UK) were 
measured in the serum sample. Thromboxane B2 was measured in citrated plasma by an ELISA from 
Cascade Biochemicals (Reading, Berkshire, UK). Fibrinogen in the initial and final citrated plasma 
samples wasmeasured by the Clauss technique with thrombin (Baxter, Deeifield, IL). Plasma elastase was 
measured in EDTA-plasma by an ELISA using sheep anti-human elastase and peroxidase-conjugated 
sheep anti-human antitrypsin (The Binding Site, Birmingham, UK), and a polymorphonuclear leucocyte 
elastase calibrator (Merck Ltd, West Drayton, UK) [31]. Intra-assay and inter-assay variancesof all 
assays were <5% and <10%, respectively. 

Data analysis and statistics 

Raw data were analysed by the Ryan-Joiner normality test to determine the nature of its distribution. sP- 
selectin, elastase and thromboxane B2 were non-normally distributed and are therefore presented as 
median and range; all other data were normally distributed and so are presented as mean and standard 
deviation. Data between the cases and controls were compared with a ^-test or the N4ann-Whitney U- 
test. Fibrinogen data from samples 1 and 5 were analysed by paired ^-test. Data from all samples were 

analysed by Friedman's repeated measures (two-way) analysis of variance, following log transformation 
where necessary. 

^ Results 



Table 213 and Figure IS show levels of sICAM-1, vWf and sP-selectin in 
control subject and patient samples. Levels of slCAM-1 were reduced (/;'<0.01) 
immediately after angiography (sample 2). There was a transient rise in levels 
of vWf (/:?<0.025) after 15 min (sample 3). The following morning (sample 5), 
sICAM-1 was normal but levels of vWf (p<0.01) and sP-selectin (p<0.05) wen 
increased (Figure IH). Levels of vWf (p=0.03l), sICAM-1 (/7=0.028) and sP-selectin (p=::0,042) were all 
slightly higher in the patients' baseline blood samples compared with the controls' samples. 

View this table: Table 2. Levels of soluble intercellular adhesion molecule- 1 (sICAM- 1), von 
[in this window! Willebrand factor (vWf) and soluble P-selectin (sP-selectin) levels in the 19 
fin a new window! patients and 24 control subjects 
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Figure 1. Changes in levels of soluble intercellular adhesion 
molecule- 1 (•) von Willebrand factor (O) and soluble P-selectin 
(□) in blood samples 1-5, expressed in terms of baseline levels 
at the start of the procedure. *p<0.05. 



View larger version (lOK); 
lin this window 1 
[in a new window! 

Table 351 and Figure 2E1 show levels of sL-selectin, elastase and thromboxane B2 in control subject and 
patient samples. Levels of sL-selectin were reduced in samples 2 (/?<0,05) and 4 (p<0.05). There were no 
significant changes in levels of elastase, but levels of thromboxane B2 were increased at 30 min post 

contrast (sample 4) (p<0.05). None of the levels were significantly altered in the sample taken the 
following morning. There was no significant difference in levels of sL-selectin (/7=0.652) or elastase 
(pr=0.2lO) between patients and controls, but thromboxane B2 was slightly higher in the patients' samples 

(;^=0.041). 

View this table: Table 3. Levels of soluble L-selectin (sL-selectin), thromboxane B2 and 

jin this window] elastase levels in the 19 patients and 24 control subjects 
[in a new window 1 



View larger version (9K): 
lin this window! 
lin a new windowl 

Plasma fibrinogen was not significantly different in patients' sample 5 (3.8±1.2 g 1"^) compared with 
sample 1 (3.5±l.l g p=0.21), but was higher compared with the control subjects' levels (3.0±0,6 gl"^ 
/?=0.022). None of the clinical, angiographic or demographic factors described in Table la, or age or 
sex, had an influence on any of the plasma markers. For example, the amount of contrast medium used 
or the number of balloon inflations or their duration all failed to correlate with the absolute levels of the 
six study indices or their relative increase or decrease from the initial sample. This is not surprising in 
view of the small number of patients. The small numbers also prevent meaningful subanalyses, such as 
angiography alone compared with angiography and angioplasty. 




Figure 2. Changes in levels of soluble L-selectin (•), 
thromboxane B2 (□), and elastase (O) in blood samples 1-5, 
expressed in terms of baseline levels at the start of the 
procedure. */?<0.05. 



► Discussion 



The injection of radiographic contrast medium is associated with a variety of 
adverse events |i, 2, 32, 33]. We have found early (approx. 30 min) and late 
(approx. 24 h) changes in markers of endothelial cell and platelet function in 
vivo. Although all subjects were exposed to localized short bursts of ionizing 
radiation, it is generally considered that changes are mainly owing to the 
contrast medium 1 1-191. Levels of sL-selectin (derived from leucocytes [261) and slCAM-l (derived 
from many cells, including the endothelium and activated leucocytes |27|) both fell immediately after 
injection of the contrast medium bolus. Soluble adhesion molecules retain functional activity |2gj and 
may be important in modulating adhesion of blood cells to the endothelium. The fall in sL-selectin and 
slCAM- 1 levels seen here could reflect increased binding, and thus sequestration from the plasma, owing 
to activation -induced expression of ligands such as CDl la/CD18 on leucocytes and/or the endothelium 
1 341. Theoretically, any dilution effects of the contrast medium may contribute to this 13-18% reduction 
in sL-selectin and slCAM-1. However, this alone is unlikely to be the sole cause as, for example, 
elastase fell by only 5% and levels of vWf and thromboxane B2 both increased. 

Raised levels of vWf were present 15 min after contrast medium injection, suggesting an acute 
endothelial response. The high levels of vWf and sP-selectin after 24 h are probably owing to a late 
effect on the endothelium and platelets, respectively, complementing the report that contrast media 
induce increased expression of membrane P-selectin by platelets in vitro 1 35j. No change in levels of 
fibrinogen at this time implies the lack of an acute phase response so, as vWf may behave as an acute 
phase reactant [3^1, the increased levels are unlikely to be owing to a non-specific inflammatory 
increase. However, Tschopl et al [17\ noted raised plasma vWf and fibrinogen after 48 h, but no increase 
after 1 h or 24 h, interpreting the fibrinogen increase as an acute phase response or as owing to increased 
synthesis by the liver, and the rise in vWf as increased synthesis by endothelial cells. Levels of the 
inflammatory mediator and vasoconstrictor thromboxane B2, possibly deriving from the endothelium, 
platelets and neutrophils [IS], rose markedly during the procedure, reaching significance after 30 min. 
Thromboxane B2 has several effects, such as regulating vascular tone and resistance, although increased 

plasma levels may not necessarily indicate changes in the function of abluminal medial smooth muscle 
cells. 

Our protocol is similar to that used by others [6, 17-19,37]. Polanowska et al |19| investigated 26 men 
with peripheral artery disease and found a 20% increase in platelet marker beta thromboglobulin and a 
32% increase in tissue plasminogen activator. They concluded that angiography may be responsible for 
partial stimulation or damage both of platelets and endothelial cells. We found no immediate effect on 
our platelet marker sP-selectin, although changes in other platelet markers ex vivo have been reported 
|38J. Hoffman et al [371 reported changes in several haemostatic markers 5 min and 30 min after 
exposure to contrast medium. Unlike us, they found no increase in vWf after 30 min but did find an 
increase in a different platelet marker (beta thromboglobulin) after 30 min. However, both our own study 
and that of Hoffman et al failed to find differences in leucocyte elastase, and so are to some extent 
complementary. Others have reported a reversible fall 1321, or no acute change 140] in levels of beta 
thromboglobulin after the use of contrast medium, but Kolarov et al 141] reported platelet activation and 
consumption up to 2 h after the use of contrast medium. 
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One major difference between our own study and those outlined above is that we have attempted to 
localize any influence of contrast medium by obtaining our samples from the draining venous circulation 
of the limb most likely to be affected. In this way we hoped to avoid any haemodilution likely to occur 
when using a cubital vein. Consequently, our samples up to 30 min seem likely to be more sensitive to 
the effects of the contrast medium. The overnight sample carries with it the haemodilution issue so that 
we cannot say if the changes in levels of vWf and sP-selectin are due to systemic or local effects on the 
endothelium and platelets. A further deficiency in our study is the lack of a control group, although it 
would be impossible to subject patients to catheterization without the use of contrast medium or to use 
contrast medium without imaging. We are also unable to answer the point that our results may be owing 
only to the catheters and/or X-rays and not the contrast medium as we assume. However, we consider 
this unlikely in light of other m vitro data. Our single control group is of healthy, age- and sex-matched 
subjects that simply demonstrate what levels of markers would be expected in the absence of 
atherosclerosis— no direct case-control study is implied by these data. A further caveat is the possibility 
that the changes observed are simply owing to the effect of venepuncture/arteriopuncture alone and not 
necessarily the effect of the contrast medium. Cousins etal [421 found that arterial puncture, not the use 
of contrast medium, caused an increase in coagulation parameter fibrinopeptide A. 

We believe this in vivo method provides the opportunity to extend in vitro and in vivo testing of the 
effects of different types of contrast media [3-7, 17, 37, 39-41 1. At least some of the effects of 
Omnipaque 350 may be detected after 24 h, providing a convenient window for samples from an 
appropriate venous site. Indeed, our observations of adverse effects on the endothelium and platelets 
(marked by raised vWf, thromboxane B2 and sP-selectin levels) may be related to both immediate 
effects such as discomfort and long-term side effects such as thrombosis and restenosis, that could be 
attributable to contrast media. This therefore supports the recent view of Zhang et al 1431, whose in vitro 
experiments suggest that contrast media induce a degree of endothelial cell injury and apoptosis and that 
these may be associated with side effects. With our clinical data, we cannot say exactly what type of 
adverse endothelial perturbation is present, be it damage, injury, activation, frank necrosis or apoptosis 
143, 441- We do not believe our data are simply reflecting an artefact of contrast media induced 
nephrotoxicity |iO, 451 as the changes are clearly specific to certain molecules. If there was a degree of 
renal impairment, we may perhaps have expected similar changes in all the molecules, or a pattern, 
possibly related to their size. This was not the case as, for example, the soluble adhesion molecules are 
all of similar size (approximately 100-200 kDa), elastase is in the region of 27.5 kDa and thromboxane 
B2 is 370 Da, yet all show different patterns. 

The further clinical and cell biology implications of our findings are unclear. However, it may be that 
these adverse changes to the endothelium and platelets implying increased risk of coagulopathy and 
thrombosis, may also be related to the risks of restenosis that are common in patients undergoing arterial 
Mivestigations |32, 33, 46, 47 | and therefore warrant additional studies, especially in long-term follow-up. 
However, despite our focus on the endothelium and platelets, the cytotoxic effects of contrast medium 
on smooth muscle cells may also be important 148|. 
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A comparison between the platelet activating 
properties of different contrast media used 
in radiology and MRI 
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Abstract. Previous studies have demonstrated that some intravascular radiographic contrast media 
(CM) used in angiography, especially non-ionic monomers, may cause platelet activation. This 
study was designed to elucidate which properties of the CM were responsible for this activity. 
Platelet activation engendered by CM was studied using flow cytometry to detect platelet degranu- 
lation (as CD62 expression) and fibrinogen binding. In order to elucidate the relevant characteristics 
of the CM responsible, contrast agents of diftering structures, properties, formulations and osmolali- 
ties were studied; ionic and non-ionic, monomeric and dimeric. Gadolinium chelate MR enhancing 
agents and saline solutions of differing osmolalities were also investigated. Ionic dimeric sodium 
meglumine ioxaglate, non-ionic dimeric iodixanol and non-ionic dimeric iotrolan did not produce 
hicreased degranulation compared with sahne controls. However, all agents produced a mild 
increase in bound fibrinogen. Experiments using saline solutions demonstrated that these efTects 
are not attributable to the high osmolahty of some CM. The broad comparison facilitated by this 
study shows that previous generalizations regarding platelet activation by CM, based on an ionic- 
non-ionic division, are not valid. We presume that some chemical structural property of the 
compounds is responsible and it is of note that the chemically distinct gadolinium chelates, 
gadolinium DTPA and gadoHnium DTPA-BMA, also caused platelet activation to a similar degree' 
CD62 expression correlated with fibrinogen binding suggesting that at least one common pathway 
of platelet activation is involved. 



Introduction 

Since the observation by Robertson in 1987 [1] 
that blood has a greater tendency to form clots in 
angiographic syringes containing non-ionic rather 
than ionic contrast media (CM), considerable 
controversy has raged over their safety [2-20]. A 
number of diflerent effects on several aspects of 
blood coagulation is thought to be responsible for 
this phenomenon but one important factor, only 
recently explored, is platelet activation [21, 22]. 
These studies have utilized a sensitive flow cytome- 
try technique to detect platelet activation by using 
monoclonal antibodies to surface proteins. 
Degranulation occurs during platelet activation, 
and P-selectin (CD62), a component of alpha 
granule membranes, is exposed on the platelet 
surface. In addition the Ilb-IIIa receptor 
undergoes a conformational change and becomes 
receptive to fibrinogen binding. Surface bound 
fibrinogen and surface CD62 can be detected using 
labelled antibodies and FACS analysis [23]. 

Several diflerent non-ionic CM have been shown 
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to cause platelet degranulation to varying degrees 
[21, 22]. The significance of this for the clinical 
use of these agents in angiography remains unclear 
but post-angiographic thrombosis and post- 
angioplasty restenosis are significant clinical prob- 
lems and thromboembolic disasters during angio- 
graphic procedures are greatly feared [20]. The 
mechanisms by which CM produce such platelet 
activation are not defined. CM are conventionally 
classified according to their osmolality, ionic status 
and monomeric or dimeric structure. We have 
studied the effect of CM of each type on platelet 
activation in vitro, covering a wide range of osmol- 
ality and, for the first time, the new non-ionic 
dimeric agents iodixanol (Nycomed AS, Oslo) and 
iotrolan (Schering AG, Berlin). In an efi'orl to 
determine the specificity of the degranulation elTect 
we have also studied for the first time the efTects 
of gadolinium chelate MR enhancing agents. We 
have further investigated the role of osmolality 
using saline solutions of dilTering concentrations. 
We conclude that there is no identifiable common 
physical characteristic that correlates with the 
effect on platelets and that some chemical piop- 
erty(s) of the media must be responsible. 
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Materials and methods 

Collection of blood samples 

Blood was collected via a 19 gauge needle from 
healthy, non-smoking volunteers taking no medi- 
cation. Care was taken to ensure there was no 
venous stasis and no excessive trauma on with- 
drawal of blood. The first 5 ml of blood was 
discarded and the subsequent 5 ml drawn directly 
into 5 ml of test solution {i.e. contrast medium or 
hepes bulTered saline as control for sample manipu- 
lation) as previously described [2I"J. This is likely 
to reproduce the concentrations produced at the 
site of injection (i.e. 50: 50, CM : blood). 

After gentle mixing with test solution for 1 min, 
the sample was transferred to a vacutainer (Becton 
Dickinson) containing one-tenth volume tri- 
sodium citrate (0.015 M) as anticoagulant. The 
sample was then processed for flow cytometric 
analysis within 10 min. 



conjugated to FFTC) was purchased fi om Dako 
Ltd (Bucks, UK). 

Samples were stained for platelet activation mar- 
kers by adding 5 |.l1 sample to a fmal reaction 
volume of 70 ^il containing 5 i^il of (1/5 diluted) 
anti-CD62-FITC antibody, 5 ^il of (1/5 diluted) 
anti-human fibrinogen antibody, and 5 |al (1/20 
diluted) anti-goat RPE antibody. All dilutions and 
reactions were performed in hepes bulTered saline. 
For conlirmation of platelet identity, the reaction 
volume contained 5 |.il anti-CD42b antibody alone. 
In preliminary experiments to define activation, 
5 ^il thrombin was added to give final concen- 
trations of 0.08 U ml ~ ' to 0.625 U ml' ^ . 

Samples were incubated for 20 min at 22-26 ""C 
and the reaction stopped by the addition of 0.5 ml 
formyl saline. The fixed samples were analysed on 
a Becton Dickinson FACScan using Cell Quest® 
flow cytometry software. A minimum of 5000 gated 
events was analysed in each experiment. 



Platelet activation, staining and cytometric 
analysis 

Platelet activation was studied by measuring 
surface expression of CD62 and surface bound 
fibrinogen using immunocytoraetry, essentially as 
described by Janes et al [23] with minor modifi- 
cations. The anti-CD62 monoclonal antibody, 
directly conjugated to FTTQ was purchased from 
Harlan Sera-Lab Ltd (Sussex, UK), The negative 
control for this antibody was an IgGl isotope 
purchased from the same source. An unconjugated 
anti-human fibrinogen polyclonal antibody 
(Ffarlan Sera-Lab) was used with an affinity iso- 
lated polyclonal rabbit anti-goat antibody conju- 
gated to RPE (Sigma). The negative control, 
consisted of affinity purified goat IgG (Harlan 
Sera-Lab) used with the RPE-conju gated detecting 
antibody. Whilst size and scatter characteristics 
permitted straightforward gating of the platelet 
population, positive staining for Gplb (CD42b) 
also confirmed platelet identity. The platelet 
specific antibody (anti-CD42b antibody directly 



Contrast media studied 

The characteristics of the CM studied are set 
out in Table 1. They were chosen to represent a 
full range of physicochemical properties. In 
addition, two gadolinium chelates used for 
enhancement of MR were also included for com- 
parison. The results obtained using the contrast 
media were compared in all cases with the saline 
control to eliminate efiects due to the handling 
and manipulation of samples. 

Results 

Controls 

Stimulation of whole blood with thrombin 
induced activation of platelets which could be 
analysed by flow cytometry (Figure I). Over the 
concentration range 0.185 iu ml" ^ to 0.625 iu ml" ^ 
thrombin induced a gradual increase in CD62 
expression and fibrinogen binding as expected 
(Figure 2). Control experiments demonstrated that 
when blood was collected directly into HBS, 



Table 1. The dilTerent contrast media used in this study and their physicochemical characteristics 



Name 



Mono/dime r lonic/non-ionic Osmolality CD62 f-^ibrinogen 



Hepes saline 

Urografin (diatrizoate) Mono Ionic 

Omnipaque (iohcxol) Mono Non-ionic 

Hexabrix (ioxaglate) Dinier Ionic 

Visipaque (iodixanol) Dimer Non-ionic 

Isovist (iotrohm) Dimer Non-ionic 

Ultravjst (lopramide) Mono Non-ionic 

Optnay (loversol) Mono Non-ionic 

Magnevist (GdDTPA) Gadolinium Ionic 

Omniscan (GdDTPA-BMA) Gadolinium Non-ionic 



290 
2070 
880 
580 
290 
290 
610 
780 
I960 
650 



+ + 
ns 
ns 
ns 
-h + 
-h + 
-h -f- 



H- -I- 

-1- 

-t- 

-h 
ns 



•n,e las. .wo ^■"marise . he eircct of each on CD62 expression and nbrinogen binding of pla.ele,.,. 



The British Journal of Radiology, AugiLst 1997 



799 



M Lajjan, r uawson ami i< /' Uooiting 




Fotv/ard Scatter 



10^ 10^. tC)^' 



10 



iMgiire 1. 1^ low cytometric analysis of whole blood, (a) Platelets, defined by their forward and side scatter characteristics 
are shown in the gated region (Rl). In this particular example blood was incubated with 0.273 U mP ' thrombin a 
sub-maximal stimulatory concentration which does not cause excessive platelet dumping or microvesicuiation. Platelet 
Identity o the events m Rl was conhrmed by their expression of CD42b (b). In a separate analysis using an idenlical 
cwlil't Tl" ^'}^-^."^^'".«"^ g-^i^^g '-^gion. levels of expression of CD62 (c). and binding of fibrintgc^^ 
estimated. The analysis region M 1 was set using isotype control antibodies. s V ^ ^ 
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Figure 2. The elTect of increasing thrombin concen- 
tration on CD62 expression (■) and fibrinogen binding 
(A) by platelets (•) present in the gated analysis region 
(HI) shown in Figure 1. At a thrombin concentration of 
0.625 U ml '.clumping of platelets and their subsequent 
removal from Rl prevented accurate estimation of acti- 
vation. At this concentration, levels of activation markers 
are therefore assigned a value of 100%. 



area {Le. gated events as a proportion of total 
events) was not observed after mixing with CM. 

CD 62 expression 

The most marked degree of CD62 expression 
was produced by the non-ionic monomers: 
Omnipaque (iohexol), Ultravist (iopromide) and 
Optiray (ioversol) (Figure 3). This is consistent 
with previous reports. However, the activation 
cannot be attributed to their non-ionic natiue 
because Visipaque (iodixanol) and Isovist (iotro- 
lan), which are also non-ionic, produced no signifi- 
cant degranulation. In addition, the ionic monomer 
Urografin (sodium meghimine diatrizoate) also 
produced significant degranulation. It is notable 
that none of the dimers, ionic (ioxaglate) or non- 
ionic (iodixanol, iotrolan), produced significant 
degranulation. This might at first glance be attri- 
buted to their generally lower osmolality (see 
below). 



platelets showed very little surface expression of 
CD62 or binding of fibrinogen. At high concen- 
trations of thrombin the platelets aggregated and 
were lost from the analysed gate. None of the CM 
studied produced this degree of activation or 
fibrinogen binding. Loss of platelets from the gated 



Fibrinogen 

In contrast to previotus reports we found that 
all but one of the agents produced a significant 
increase in surface binding of fibrinogen (Figure 4). 
Although this was generally small it was quite 
marked in the cases of Omnipaque (iohexol), 
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Figure 3. CD 62 expression as % positive platelets after 
exposure to the CM shown. SEM of five experiments 
denoted by error bars. /) is difTerent from saline control 
by one-tailed Mest: *==p<0.05, ** = p<0.001. 
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Figure 4. Siurace bound fibrinogen shown as % positive 
platelets after exposure to the contrast agents as shown. 
SBM of five experiments denoted by error bars. \j is 
dilferent from saline control by one-tailed Mest* * = 
/><0.05, ** = p<0.001. 

Ultravist (iopromide) and Optiray (ioversol) which 
had also marked elTects on CD62 expression. 
Although the mean elevation of fibrinogen pro- 
duced by Omniscan (GdDTPA-BMA) was appar- 
ently large, it did not reach significance due to the 
rather large interindividual variation in response. 
Such a niarked degree of individual variation in 
response has been noted in previous studies [2,1]. 
Overall, there is a less marked variation between 
CM in the degree of induced fibrinogen binding 
than of CD62 expression. 



Relationship of CD62 expression and 
Jibrinogen binding 

It is possible to activate platelets by a number 
of different pathways which have dilTerentiai elTccts 
on degranulation and fibrinogen binding. The 
occasional discrepancy between the CD62 and the 
fibrinogen results raises the possibility that they 
arise via difTerent mechanisms. Comparison of the 
two parameters is illustrated in Figure 5 and shows 
a good degree of correlation. The data are n on- 
normal izable but by non- parametric Spearman 
ranking analysis show a significant correlation: r = 
0.6, p = 0.0001. This suggests that these two mark- 
ers of platelet activation are stimulated in part via 
a common, CM sensitive pathway but also that 
other factors are likely to be involved. 

Osmolality 

The low level of activation seen with the dimeric 
CM (ionic and non-ionic) suggested the eHects of 
the other agents may be attributable to their 
generally higher osmolality. In order to investigate 
this possibility we performed experiments in a 
similar fashion but mixing blood instead with 
saline solutions of various higher osmolalities. The 
results are shown in Figure 6. Although the level 
of CD62 expression and fibrinogen binding 
appeared slightly higher in these solutions none of 
them were significantly difTerent from normal saline 
controls. There is no effect observed with an 
increase in osmolality. There is therefore no 
appreciable effect of osmolality on platelet acti- 
vation. Another clear indicator that osmolality is 
not the key factor is that GdDTPA-BMA has a 
greater elTect than GdDTPA yet has a much lower 
osmolality. 

Discussion 

There is extensive literature documenting 
thrombotic and thromboembolic problems associ- 
ated with angiography and, allegedly, with some 
CM [2-20]. More recently, the efi'ect of CM on 
platelet activation and degranulation has been 
explored r.2i, 22]. Althotigh much controversy 
exists over the relevance of in vitro findings to in 
vivo events, a survey of current practice suggests 
that many radiologists and cardiologists continue 
to take them seriously. Substantial numbers of 
radiologists and cardiologists use ionic CM (high 
or low osmolality) and heparin in various regimens 
in both diagnostic and interventional studies [24]. 

The accepted thromboembolic complication rate 
in the pre non-ionic era was -0.2% [20, 25]. 
Comparable rates have been seen in large scale 
studies of non-ionic monomeric agents, even in the 
occasional paper calling attention to a supposed 
problem with the non-ionic agents [2]. 
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lMg«re6. CD62 expression and fibrinogen binding of 
platelets after exposure to saline solutions of differing 
osmolalities as shown. The dinferences are not significant 
(p>0.05 by one-tailed /.-test). 

Nevertheless, there have been persistent reports 
[10, il] of a high incidence of such events with 
non-ionic agents, sufikient to keep levels of anxiety 
high, particularly among cardiologists. This has 
been the case despite the absence of controls and 
presence of confounding factors in some of these 
reports. Nonetheless, findings of this kind may be 
predicted from the elTects of CM on platelet acti- 
vation discussed here although such a conclusion 
rests on the extrapolation of in vitro results to in 
vivo clinical situations. 

One dilTiculty in predicting or interpreting in 
vivo clinical results is that contrast agents have 
partly conflicting elTects on the various parameters 
involved in thrombosis and thromboembolism. On 
the one hand they are all variably anticoagulant, 
largely by inhibiting fibrin polymerization; the 
non-ionic agents less so than the ionic [26, 27]. 
On the other hand, endothelial injury, a powerful 
mediator of platelet activation and coagulation 
activation, is much less marked than with the 
ionic agents [28]. Further, it is now demonstrated 
that at least some non-ionic agents also have 



0-6, /) = 0.000l) by Spearman rank 
correlation test. 

pro-coagulant eifects in engendering platelet acti- 
vation. Previous and confusing results in the litera- 
ture reporting apparent platelet inhibitory elYects 
may be explained by the fact that profound platelet 
degranulation may result in circulating "exhausted 
platelets". These will respond poorly to conven- 
tional aggregation agonists in viivo. 

Although platelets isolated systemically or even 
from the coronary sinus may not show signs of 
activation attributable to CM, the procedure itself 
may contribute to platelet activation [29]. The 
high concentrations of contrast present in the 
region of the catheter tip and adjacent to damaged 
endothelium may well be significant and will be 
comparable to the concentrations to which plate- 
lets are exposed in this study. 

Several previous studies have reported the elTect 
of different CM on platelet activation [21, 22]. 
Unfortunately, these have mixed and diverse meth- 
odologies. In this study we have used unmanipu- 
latcd blood to expose platelets to CM by the most 
direct method and determined their eflect on CD62 
expression and on surface bound fibrinogen. In 
addition, previous studies have examined only a 
small number of difTerent media with dilTerent 
physicochemical properties. This has tended to 
result in generalizations about the propensity of 
ionic or non-ionic CM to cause platelet activation. 
Tn this study a broad range of CM types has been 
used and it is clear that these generalizations are 
not valid. For example, Chronos et al [2t] con- 
cluded that "any contrast media based on non- 
ionic molecules would be likely to cause platelet 
degranulation". The analysis of activation pro- 
duced by iodixanol and iotrolan demonstrated in 
this study show that this is not in fact so. Some 
other property of the molecules must be respon- 
sible. Finally, this is the first study to include the 
gadolinium chelates used in MR which, while not 
relevant to clinical angiography, provide an interest- 
ing comparison as they are chemically quite dis- 
tinct. This is also the first study of the new 
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non-ionic dimeric low osmolar CM, iodixanol and 
iotiolan which appear to have relatively good 
safety characteristics. The eflect on platelets of 
Ultravist (iopromide) and Optiray (ioversoi) have 
also not been previously reported. 

In this study all three dimeric CM (ionic and 
non-ionic) failed to produce any significant degree 
of activation and no significant degranulation. The 
non-ionic dimeric agents are iso-osmolar with body 
fluids and the ionic dimeric agent (Hexabrix/ 
sodium meglumine ioxaglate) has the lowest osmol- 
ality at any iodine concentration of all the other 
agents. It therefore seemed a plausible hypothesis 
that the higher osmolality of some CM may be 
responsible for their elTect on platelets. We per- 
formed experiments to demonstrate that this is not 
so. Indeed a comparison of osmolality with degree 
of activation by the group as a whole supports this 
conclusion. However, a more complex contribution 
by osmolality cannot be excluded by the simplified 
system used in these experiments. 

Overall, there appears to be a good correlation 
between the surface bound fibrinogen and the 
surface expression of CD62, suggesting that, 
broadly, they are measuring aspects of the same 
elTect. However, it is interesting that GdDTPA- 
BMA produced marked platelet degranulation yet 
was the only agent not to cause a significant rise 
in platelet bound fibrinogen. Although this was 
perhaps attributable to a rather variable response 
to this agent it raises the possibility that stimula- 
tion via difrerent pathways may be involved. In 
addition, the relationship between CD62 
expression and fibrinogen binding produced by 
these agents is, in all cases clearly different from 
that produced by thrombin, suggesting that a 
thrombin independent pathway is involved. An 
alternative possibility is that the agents also have 
an inhibitory efTect on fibrinogen binding to plate- 
lets but the correlation with CD62 expression, 
although weak, argues against the implication of 
interference by additional mechanisms. How these 
agents stimulate platelets to produce such elTects 
remains undetermined. 

We conclude that platelet activation and 
degranulation in vitro by contrast enhancing agents 
is variable from agent to agent and the underlying 
mechanisms remain unclear. Ionic versus non-ionic 
chai:acteristics are not, contrary to previous 
reports, relevant. There is no evidence that osmol- 
ality is an important determining factor. The obser- 
vation that gadolinium agents also cause this 
phenomenon is a surprising extension of this prob- 
lem and may at some stage become clinically 
relevant. The low level of platelet activation pro- 
duced by the non-ionic dimers is strongly in favour 
of their choice as CM for angiography but final 
proof of their safety can only come from clinical 
studies. 
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y Abstract 

The pulmonary adverse effects of intravascular use of water soluble 
radiograpMc contrast media (RCM) include bronchospasm, 
pulmonary oedema and increase in the pulmonary arterial blood 
pressure (Ppa). Symptomatic bronchospasm is rare but subclinical 
increase in airways resistance is common after intravascular injectio 
of RCM. Experimental studies have demonstrated that the low osmolar ionic dimer ioxaglate can 
induce significant bronchospasm in comparison with other types of RCM, Histamine and 
endothelin, which are potent bronchoconstrictors and released in response to the administration of 
^ RCM, do not seem to mediate the bronchospastic effect of RCM. Pretreatment with ^ 
corticosteroids or antihistamine does not appear to prevent RCM induced bronchospasm,'^ut the 
administration of 6^ adrenergic agonist can abolish this adverse effec^RCM induced pulmonary 
oedema can be secondary to endothelial injury causing an increase in the permeability of the 
microcirculation. It may also occur in patients with incipient cardiac failure, when large doses of 
RCM particularly of the high osmolar type are used. A rise in Ppa induced by RCM seems to be 
secondary to an increase in pulmonary vascular resistance through direct effects on the pulmonary 
circulation. Low osmolar non ionic monomers induce the least changes in the pulmonary 
circulation and should be the contrast media of choice for intravascular use in patients with 
pulmonary hypertension. The mechanisms responsible for the effects of RCM on airway resistance 
and pulmonary circulation remain iinclear. Intrabronchial administration of high osmolar water 
soluble RCM is dangerous and can induce severe bronchial irritation and pulmonary oedema. Low 
osmolar RCM are well tolerated by the lungs following aspiration with minimal histological 
reaction. 
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The lung is an important target organ of the effects of water soluble 

radiographic contrast media (RCM). The pulmonary circulation is 

the first important vascular bed to receive RCM following 

intravenous injection and during the venous return after 
arteriographic examinations. There are several pulmonary adverse 
effects that may follow the intravascular injection of RCM, which include bronchospasm, 
pulmonary arterial hypertension and pulmonary oedema [1, 2]. In this review the effects of RCM 
on respiration and pulmonary circulation following intravascular administration wiU be discussed as 
well as the side effects associated with intrabronchial aspiiration of these agents. 
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► Respiratory effects of RCM 

The effects of RCM on airways resistance, ventilation [respiratory 
rate, tidal volume] and blood gases will be discussed in this section. 
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Effects of RCM on airways resistance 

The respiratory adverse reactions that have been reported with the 
intravascular use of RCM include apnea, dyspnea and bronchospasm 

[i-T]. Bronchospasm has been reported to be a contributory factor in 23% of moderate and 5% of 
severe adverse reactions to intravascular administration of RCM [1]. While symptomatic 
bronchospasm is rare, occurring in 0.01% of patients [IJ, subclinical bronchospasm as detected by 
a fell in forced expiratory volume ia 1 s (FEV^) is common and tends to be less pronounced with 
low osmolar non ionic RCM [3-6]. However, Wilson and Davies found that both high osmolar 
ionic and low osmolar non-ionic RCM produce a comparable fell in FEV ^ and forced vital capacity 
[7]. Experimental studies in the guinea-pig found that the high osmolar ionic monomer diatrizoate, 
the low osmolar non ionic monomer iopromide and the iso-osmolar non ionic dimer iotrolan did 
not induce a significant increase in airways resistance (R^ J and only the low osmolar ionic dimer 
ioxaglate caused the most bronchospasm (Table la) [8, 9]. Some clinical studies have also 
documented a higher incidence of allergic-like reactions with ioxaglate in comparison with other 
types of RCM [1Q-13J. The bronchospastic effect of the low osmolar ioxaglate can not be an 
osmotoxic effect and most likely due to its chemical structure [9]. The pathophysiology of the 
changes in airways resistance induced by RCM remains obscure and could be multifactorial. The 
underlying mechanism may involve the release of bronchospastic mediators such as histamine, 
endothelin (ET), 5-hydroxytryptamine, prostaglandins, thromboxane and bradykinin, cholinesterase 
inhibition, vagal reflex and a direct effect on the bronchi [5 , 9, 14-19] . Contrast media can cause 
the release of histamine a potent bronchoconstrictor fi-om mast ceUs and basophils both through a 
direct effect and indirectly by activating the complement system [14, 15] • vitro studies have 
demonstrated dose-dependent histamine release fi:om human lung mast cells (HLMC) and 
basophils in response to aU types of RCM [14, 15]. The high osmolar diatrizoate induced the 
largest histamine release from human basophils and HLMC. Ioxaglate and iotrolan were effective 
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in inducing histamine release from human basophils but not from HLMC. The low osmolar non 
ionic monomer iopromide was relatively ineffective activator of histamine release from both 
HLMC and basophils (Table Is) [15]. The importance of histamine in mediating RCM induced 
bronchospasm has not been proven conclusively. Experimental studies have shown that 
pretreatment with anti-histamine HI receptor antagonist did not prevent RCM induced increase in 
R [8, 9]. Pretreatment with prednisolone also did not offer any protection against RCM induced 
bronchospasm in spite of using the two doses regimen recommended by Lasser et al [8, 9, 20-23]. 
The use of corticosteroid prophylaxis in preventing RCM reactions including bronchospasm is not 
widely endorsed. It has been suggested that the use of non-ionic agents alone is better in 
preventing all categories of reactions than the use of high osmolar ionic agents with corticosteroid 
prophylaxis [24, 25]. 

View this table: Table 1. Summary of the different pulmonary effects of radiographic 
[in this windowl contrast media (RCM) 
[in a new window! 

The role of ET in mediating the bronchospastic effects of RCM has also been investigated [9]. ET 
is a potent smooth muscle constrictor which, in the lung, produces an increase in vascular 
resistance and marked bronchospasm [9, 26]. Despite the use of a pharmacologically effective dose 
of non-selective ET antagonist, no protective effect was found against RCM induced 
bronchospasm in the guinea pig [9]. 

Leakage of fluids from the microcirculation into the lung tissues and bronchi may also cause an 
increase in airways resistance. Experimental studies in the guinea pig have not revealed fluid 
accumulation in the lungs and bronchi in association with RCM-induced rise in R^^ [9]. 
Furthermore, aerosolized R2 adrenergic agonist treatment was able to completely reverse RCM 
induced increases in R^^, which suggests that any airway narrowing resulting from oedema is 
minimal [8, 9]. 

A role for cholinesterase inhibition or vagal reflex in mediating RCM induced bronchospasm has 
not been confirmed. A direct effect of RCM on bronchial smooth muscle cells is possible and 
contribution of other bronchospastic mediators such as leucotrienes and kinins requires further 
investigations. 

Effects of RCM on ventialtion (respiratory rate and tidal volume) and blood gases 
Optimum gaseous exchange across the alveoli and uptake by the capillaries requires a matching of 
pulmonary perftision with alveolar ventilation (ventilation/perfiision ratio (V/Q ratio) maintenance) 
[27]. Adverse effects of RCM on pulmonary perftision and/or ventilation could lead to changes in 
levels of arterial blood gases [27, 28]. Increasing the diffusion distance due to pulmonary oedema 
would also interfere with gaseous exchange [29, 30]. 



Detailed studies on the effects of RCM on ventilation are lacking. Experimental studies in the dog 
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demonstrate that RCM can induce an increase in breathing rate and tidal volume [28]. In the rat, 
RCM [high osmolar ionic monomer, low osmolar ionic dimer, low osmolar non ionic monomer and 
iso-osmolar non ionic dimer] caused a faU in PaO^ associated with rise in PaCO^. The high 
osmolar diatrizoate induced the greatest change [27]. The changes in the blood gases were thought 
to be most likely secondary to a decrease in alveoli blood flow since no bronchospsm, reduction in 
ventilation, or pulmonary oedema was found to explain the abnormal gases exchange [27]. The 
absence of RCM induced bronchospasm can be elucidated by the fact that rat airways are not as 
sensitive to chemical stimulus as those of the guinea-pig model that may behave in a way 
comparable with human airways [9]. 

The effects of RCM on pulmonary circulation will be discussed in details in the following section. 

^ Effects of RCM on pulmonary circulati on 

An increase in pubnonary artery pressure (Ppa) has been reported 
following the intravascular injection of RCM [31-44]. The sudden 
increase in Ppa is thought to contribute to the morbidity and 
mortality associated with pulmonary angiography particularly in 
patients with pulmonary hypertension [34-38]. There are conflicting 
reports in the literature about the mechanisms responsible for these effects [31, 34, 36, 39-44]. 
Some studies demonstrated that the rise in Ppa is secondary to an increase in pubnonary vascular 
resistance (PVR) [43, 44], while others indicated that it is due to an increase in cardiac output 
associated with a decrease in PVR [39-42]. The studies which suggested a fall in the vascular 
resistance the PVR was not directly measured and calculated from the formula PVR=(pubnonary 
artery pressure-pulmonary venous pressure)/cardiac output. The increase in cardiac output was 
attributed to reduced peripheral vascular resistance of the systemic circulation due to RCM 
induced vasodilatation [33, 34, 39-42]. The fall in PVR could be due to an increase in the capacity 
of the pulmonary vascular bed by recruitment of closed vessels and active vasodilatation of 
pulmonary arteries [44]. Experimental studies have shown that RCM can induce both dilatation 
and constriction of pulmonary arteries, but in systemic vascular beds they induce mainly 
vasodilatation except in the kidney where vasoconstriction predominates [45-47]. The studies, 
which showed an increase in PVR, suggested that this could be secondary to vasoconstriction, 
changes in the rheological properties of the red blood cells and/or pulmonary oedema [29, 30, 39, 
45, 48, 49], RCM induced pulmonary oedema is often secondary to endothelial injury leading to an 
increase in the permeability of the microcirculation and accumulation of fluid in the lung. 
Pulmonary oedema may also occur in patients with incipient cardiac failure, when large doses of 
contrast medium, particularly of the high osmolar type, are used [2, 29-31]. Pulmonary oedema is 
reported to be seen in 10-20% of cases of fatal reactions to intravenous infusion of RCM. 
Subclinical pulmonary oedema without obvious signs or symptoms of respiratory distress is 
thought to be common after intravascular use of RCM but the true incidence is difficult to establish 
[29-21]. The direct effects of RCM on pubnonary blood vessels and PVR are discussed below. 
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The pulmonary arteries have comparatively little muscle, and possess low intrinsic tone. The 
response of pulmonary arteries to vasoactive substances may be different from muscular systemic 
arteries. Indeed, large conduit muscular pulmonary arteries behave differently from small poorly 
muscularized peripheral arteries [44-46]. The study of isolated small pulmonary arteries in the 
myograph allowed the investigation of the direct effects of RCM on these blood vessels 
independent of systemic influences [46]. The results of this study have shown that the effect of 
RCM on pulmonary arteries is biphasic, consisting of an initial transient vasorelaxation phase 
followed by a more sustained phase of vasoconstriction. Ionic RCM were more vasoactive in 
comparison with non ionic media [46]. 

It seems that both osmolality and the chemical structure of RCM determine the effect of RCM on 
vascular tension [46, 50-53]. An osmolaUty above 600 mosmol kg'^ may pull water out of 
muscle cells, thereby decreasing size and increasing cell electrolyte concentration, leading to 
hyperpolarization and vasorelaxation [50]. However, vasodilatation is not entirely dependent on 
high osmolality since it has been shown that the low osmolar ionic dimer ioxaglate can induce 
marked vasodilatation of the pulmonary arteries. Furthermore, the vasodilatory effect of ioxaglate 
is greater than that of iopromide (low osmolar non-ionic monomer) although the osmolality both 
agents is similar [46]. It has been suggested that ionic contrast media are effective vasodilators in 
comparison with non ionic agents because they can inhibit the influx of calcium ions into the 
smooth muscle cells which is responsible for the contraction of these cells more efficiently than non 
ionic media [45, 46]. 

The mechanisms responsible for the vasoconstrictor eftect of RCM are poorly understood and may 
be due to a direct effect on vascular smooth muscle, neural reflexes or through the modulation of 
the release of endogenous vasoactive mediators such as ET, histamine, serotonin or nitric oxide, 
bradykinin, prostaglandins, antidiuretic hormone (ADH), atrionatriuretic peptide (ANP), 
angiotensin II and renin [14-16, 19, 26, 44-46]. As yet there is no conclusive evidence to support 
the involvement of these substances in mediating the effects of RCM on the tension of the 
pulmonary arteries [45, 46]. However, in the kidney, the endogenous vasoconstrictor ET plays an 
important role in mediating the increase in renal vascular resistance induced by RCM [26, 47]. 

Effects of RCM on PVR 

The isolated blood perftised rat lung is a useful model to investigate the direct effects of RCM on 
both the normotensive and hypertensive pulmonary vascular bed, independent of systemic stimuli 
or changes in the cardiac output [44] • Pulmonary hypertension can be induced by exposing the rat 
to hypoxia for 3 weeks to 4 weeks [44]. The chronic hypoxic model is comparable with the clinical 
scenario of chronic pulmonary hypertension in which there are structural changes in the pulmonary 
arteries. It is more relevant than the widely used experimental model of acute pulmonary 
hypertension secondary to multiple emboli in which structural changes are absent [34, 36]. In 
chronic pulmonary hypertension the structural changes include an increase in the thickness of the 
muscle wall of the small pulmonary blood vessels owing to newly developed muscle cells, which 
exaggerate the reactivity of the blood vessels to vasoactive stimuli [44]- Patients with pulmonary 
arterial hypertension are known to be vulnerable to the administration of RCM into the pulmonary 
circulation [34, 31, 37, 38]. 
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In the isolated blood perfused lung of the normal rat, increasing doses of RCM (iotrolan, 
iopromide, ioxaglate and diatrizoate) and hypertonic solutions of mannitol caused an overall rise in 
Ppa reflecting an increase in the PVR. The maximum increase in Ppa was observed with the ionic 
dimer ioxaglate and the lowest was with the non ionic monomer iopromide [44J. In the isolated 
lungs from chronically hypoxic rats, where baseline Ppa and resistance is high slow rise in Ppa was 
observed in response to the tested RCM (ioxaglate, iotrolan and iopromide) [44]. The rise in the 
Ppa observed with ioxaglate was comparable with that of iotrolan but significantly greater than that 
with iopromide [44]. The increase in PVR induced by RCM is most likely due to a combination of 
active vasoconstriction of the pulmonary arteries, pulmonary oedema and possible increase in 
blood viscosity [44^^]. The latter could be secondary to ceUular effects (increased aggregation of 
red blood cells with non ionic media and rigidity with high osmolar solutions) and the high 
viscosity of some of the contrast agents [41, 44, 45, 49, 54]- Contrast media may also activate 
adhesion of leucocytes to the endothelium causing capillary plugging and stasis of red blood ceUs 
in the small vessels thereby precipitating an increase in vascular resistance [44]. 

Pulmonary oedema produced by RCM could also be responsible for the increase in the PVR and 
rise in Ppa. It is possible that ioxaglate induced the largest increase in PVR of the isolated rat lung 
preparation because of a combination of vasoconstriction and puknonary oedema. Experimental 
studies have shown that ioxaglate can induce vasoconstriction of the smaU pulmonary arteries and 
is more cytotoxic to the vascular endothelium in comparison with diatrizoate and non ionic media 
(Table 1) [46, 55-57]. The extent of ioxaglate induced pulmonary oedema in the rat was four fold 
higher in comparison with the non ionic monomer iohexol [57]. It is of interest that in the rat nitric 
oxide [55] and oestrogen [56] offered some protection against ioxaglate induced pulmonary 
oedema. 

Surprisingly, the iso-osmolar contrast agent iotrolan, which has the lowest vasoactivity, induced a 
significant increase in the PVR of the isolated blood perfiised lung of both the normal and chronic 
hypoxic rat [44]. High viscosity and rheological effects on red blood cells of iotrolan could be 
responsible for the observed increase in the vascular resistance of the isolated lung preparation, 
which is perfused with blood (Table 1) [44-16]. The non ionic monomer iopromide had the least 
effects on PVR of both the normotensive and hypertensive rat lung preparation [44]- This is 
understandable since iopromide has low vasoactive properties, low viscosity and its effects on the 
endothelium are minimal to cause puhnonary oedema leading to an increase in the PVR. [46, 57, 
58]. Clinical experience has also shown the absence of major haemodynamic effects with the use of 
low osmolar non ionic monomers in pulmonary angiography even in patients with pulmonary 
hypertension [59, 60] . 

In summary, RCM can induce an increase in PVR and rise in Ppa through direct effects on the 
pulmonary circulation. The least changes are observed with the non ionic monomers. The 
mechanisms responsible for the rise in Ppa remain poorly defined. 
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Intrabronchial administration of high osmolar water soluble RCM is 

dangerous and can induce severe bronchial irritation and pulmonary 

oedema \2, 61, 62]. On the other hand low osmolar RCM are well 

tolerated by the lungs following aspiration with minimal histological 
reaction [63, 64]- These agents should be used for upper 
gastrointestinal tract imaging whenever there is the possibility of aspiration [63, 64]- In addition, 
the safe use of the non ionic iso-osmolar dimer iotrolan in bronchoscopic bronchography has been 
described [65-713. Nausea, vomiting, coughing and headache were the commonly reported side 
effects of this procedure. Urticaria and fever were rare. Life threatening adverse events or 
significant changes in the percentage of arterial oxygen saturation were not observed [65-71]. 
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What is claimed is: 

1. A compovmd and salts and enantiomers thereof, having the formula: ##STR6## 
wherein R.sup.7 is an acyl group. 

2. The compound according to claim 1, wherein each R.sup.7 is independently selected from the 
group consisting of formyl, acetyl, propionyl, butanoyl, pivaloyl, pentanoyl, trifluoroacetyl, 
trichloroacetyl and benzoyl. 

3. The compound according to claim 2, wherein each R.sup.7 is independentiy selected from the 
group consisting of formyl, acetyl, propionyl and butanoyl. 

4. The compound according to claim 3, wherein each R.sup.7 is acetyl. 
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TECHNICAL FIELD 

The present invention relates to a process for the preparation of nonionic, water soluble compounds 
that are useful as contrast agents. 

BACKGROUND OF THE INVENTION 

The introduction in X-ray diagnosis of contrast media containing non-ionic iodinated compounds as 
opacifying agents represented a remarkable progress in the state of the technique, so far that, these 
media will eventually substitute the traditional iodinated ionic products (see Grainger and Dawson, 
Clinical Radiology, 1990, 42, 1-5). These nonionic compounds, such as, (S)-N,N*-bis[2-hydroxy-l'- 
(hydroxy(methyl)ethyl-5-[(2-hydroxy-l-oxypropylam ino]-2,4,6,-triiodo-l,3-ben2enedicarboxamide 
(iopamidol) and 5-[acetyl(2,3-dihydroxypropyl)amino]-N,N'-bis[2,3-dihydroxypropyl]-2,4,6,- 
triiodo-l,3-benzenedicarbox€unide (iohexol), are useful as contrast enhancing agents for X-ray, 
magnetic resonance imaging (MRT) and angiography. These compounds have a lower frequency of 
adverse reactions in patients, during intravenous injection, than many ionic contrast agents. 

However, the synthetic processes and, particularly, the final purification of these products are 
complex and expensive. Neutral iodinated opacifying agents differ from ionic ones because they 
cannot be isolated and purified by precipitation from water due to their high solubility. Thus the 
following problems must be solved: the removal of ionic species, usually inorganic salts, from the 
final reaction mixture, the recovery of valuable reagents in excess and of water-soluble reaction 
media. A preferred technique to be performed (see for example, U.S. Pat. Nos. 4,352,788 and 
4,001,323) is the one based on the submission of operations such as: 

preliminary removal of the solvent, 

extraction of the residual reaction medium, preferably with a chlorinated solvent, 

elution of the aqueous phase on a system of columns of cationic and anionic ion-exchange resins, 

concentration of the elute by evaporation, 

crystallization of the crude residue. 

The drawbacks related to this type of process include: a) a requirement for large complex and 
expensive purification plants for ion-exchange resins; b) a large quantity of thermal energy is 
required for the concentration of the water employed; c) the concentration of extremely diluted 
solutions causes the corresponding concentration of trace impurities; and d) the final product is 
exposed to a long-lasting thermal treatment. 

U.S. Pat. No. 4,001,323 (the '323 patent) describes a process for preparing iopamidol which involves 
a) reacting 5-amino-2,4,6-triiodoisophthalyl dichloride (ATDPA-CI) with 2(S)-acetoxypropionyl 
chloride to form an acetyl-amide intermediate; b) reacting the acetyl amide intermediate v^th serinol 
to provide acetyliopamidol; c) reacting the acetyliopamidol with an aqueous base, such as, sodium 
hydroxide to hydrolyze the ester and provide iopamidol. The product is then purified by ion 
exchange treatment, followed by recrystallization from ethanol. 

U.S. Pat. No. 4,352,788 (the '788 patent) describes a process for preparing compounds similar to the 
compounds of the '323 patent. The principle difference is the compounds of the '788 patent are 
alkylated at the aromatic nitrogen atom. The products are isolated by counter-current extraction or by 
using exchange resins. 

However, problems that exist with the process disclosed in the '323 and the '788 patents include a) 
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the use of a hazardous solvent; b) the basic hydrolysis can induce racemization of the optically active 
compound and may produce material which does not meet the U.S.P. optical rotation specification 
for iopamidol. 

U.S. Pat No. 4,396,598 (the *598 patent) discloses a method for preparing N,N'-bis(2,3- 
dihydroxypropyl)-5-N-(2-hydroxyethyl)glycolamido-2,4,6-triiod oisophthalimide. This patent also 
discloses the preparation starting with ATIPA-CI However in the *598 patent, the polyhydroxy 
product is purified via preparative liquid chromatography. 

U.S. Pat No. 5,550,287 discloses a method for purification of the contrast agents again using a 
column with a strong anionic resin followed by a column with a weak anionic resin. 

U.S. Pat. No. 5,204,005 discloses the use of a reverse phase chromatographic process for purification 
of water soluble, non-ionic contrast medium compounds. 

An object of the present invention is to provide and process to prepare contrast agents which do not 
racemize the product. 

An object of the present invention is to provide and process which furnishes the product contrast 
agent having a specific rotation that meets the requirements of the U.S.P. specification. 

An object of the present invention is to provide an efficient method for the purification of non-ionic 
water soluble contrast agents. 

SUMMARY OF THE INVENTION 

The present invention relates to an improved process for the manufacture and purification of contrast 
enhancing agents, such as, iopamidol and iohexol. The process converts 5-amino-2,4,6- 
triiodoisophthalyl dichloride (ATIPA-CI) to an isophthaiyl-diamide, such as, for example, 5-amino- 
N,N*-bis(l,3-diacetoxy-2-propyl)-2,4,6-triiodoisophthalamide(tetra acetyl-diamide) in a single 
reaction vessel by first reacting the ATIPA-CI with 2 equivalents of a dihydroxy-amine such as, for 
example, serinol, (2-amino- 1, 3 -dihydroxy propane) or another suitable dihydroxyamino compound, 
in the presence of triethylamine, followed by treatment with an acid anhydride in the presence of a 
catalytic amount of dimethylaminopyridine (DMAP), to form the tetraester-diamide. The tetraester- 
amide product is then treated with an 2(S)-alkanoyloxylated propionyl chloride to produce the 
pentaester of iopamidol. The pentaester is treated with a catalytic amount of hydrochloric acid in 
methanol to deacylate the ester and provide iopamidol. The crude product is treated with an acid 
scavenging resin to remove the acid and purified by passing through a bed of nonionic polymeric 
adsorbent resin to remove other impurities from the reaction. The final purification is performed by 
recrystallization from ethanol or a mixture of acetonitrile in ethanol to provide pure iopamidol. 

DETAILED DESCRIPTION OF THE INVENTION 

All patents, patent applications, and literature references cited in the specification are hereby 
incorporated by reference in their entirety. In the case of inconsistencies, the present disclosure, 
including definitions, will prevail. 

The present invention relates to a process for the preparation of a polyhydroxy compound and salts 
and enantiomers thereof having formula I. ##STR2## 

wherein R.sup.1 and R.sup.2 are dihydroxyalkyl groups, and R.sup.3 is hydrogen, alkyl, or hydroxy. 
The process comprising the step of deacylating an acylated compound having the formula: 
##STR3## 

in an acidic medium, to provide the free polyhydroxy compound. R.sup.4 and R.sup.5 are optionally 
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acylated dihydroxyalkyl groups and R.sup.6 is lower alkyl. The polyhydroxy compound can be 
purified by treatment with an acid scavenging resin. 

The invention also contemplates compounds having the formula ##STR4## 
wherein each R.sup.7 is an acyl group, and salts and enantiomers thereof. 

Examples of acyl groups include groups such as, for example, formyl, acetyl, propionyl, butanoyl, 
pivaloyl, pentanoyl, trifluoroacetyl, trichloroacetyl, benzoyl, and the like. The preferred acyl groups 
are formyl, acetyl, propionyl, and butanoyl. The most preferred acyl group is acetyl. 

The dihydroxyalkyl groups are straight or branched chain alkyl radicals containing from 2 to 6 
carbon atoms and having two hydroxy groups. Most preferred dihydroxyalkyl groups are 1,3- 
dihydroxypropyl, 1 ,2-dihydroxy propyl. 

The lower alkyl groups include strmght or branched chain alkyl groups having from 1 to about 6 
carbon atoms. Examples of lower alkyl groups include groups such as, for example, methyl, ethyl, n- 
propyl, iso-propyl, 2-methylpropyl n-butyl, 2-butyl, t-butyl n-pentyl, 1-methylbutyl, 2,2- 
dimethylbutyl, 2-methylpentyl, 2,2-dimethylpropyl, and n-hexyl. The preferred lower alkyl groups 
are methyl, ethyl, n-propyl, iso-propyl, n-butyl, and t-butyl. More preferred are methyl and ethyl. 
Most preferred is methyl. 

The advantages of the present invention include reduction of racemization of the product and an 
improved method for isolation of the product. This provides a product with a higher enantiomeric 
excess (ee) than the methods disclosed in the documents discussed above. The process of the 
invention involves the deacylation of an ester of iopamidol using a catalytic amount of acid. The acid 
is removed by batch treatment with a small amount of an acid scavenging resin. Final purification 
involves passing an aqueous solution of the product through a column of non-ionic polymeric 
adsorbent resin, followed by concentration to an oil and recrystallization from acetonitrile/ethanol or 
ethanol alone. This process consistently produces material which meets all U.S.P. specifications 
including the optical rotation specification. 

Typical acid scavenging resins include weak basic resins such as, for example, IRA-68, IRA-67, 
Dowex.RTM. WGR-2, and the like. These resins remove any acid present. 

Typical nonionic polymeric adsorption resins include polyaromatic resins, such as, for example, 
Amberlite XAD-16, XAD-4, and the like. These resins function to remove impurities formed during 
the reaction process. 

A preferred embodiment is illustrated in Scheme 1 below. The process converts 5-amino-2,4,6- 
triiodoisophthalyl dichloride (ATIPA-CI) to 5-amino-N,N*-bis(l,3-diacetoxy-2-propyl)-2,4,6- 
triiodoisophthalamide(tetra acetyl-diamide) in a single reaction vessel by first reacting ATIPA-CI 
with 2 equivalents of serinol in the presence of triethylamine followed by treatment with acetic 
anhydride in the presence of a catalytic amount of dimethylaminopyridine (DMAP). The tetraacetyl- 
diamide product is readily isolated by precipitation from water and further purification is generally 
not required. The tetraacetyl compound is treated with 2(S)-acetoxypropionyl chloride to provide a 
pentaacetyl-triamide. The acetate groups are removed by a transesterification reaction with 
hydrochloric acid in methanol to provide iopamidol. The acid is removed with an acid scavenging 
resin. Other impurities are removed using a polymer absorption resin. The product can be 
crystallized from ethanol or, optionally, if it contains excessive impurities, an acetonitrile/ethanol 
mixture. ##STR5## 

Preferred compounds of the invention include the compounds: 

(S)"NjN'-bis[2-hydroxy-l-(hydroxy(methyl)ethyl]-5-[(2-hydroxy-l-oxypropyl- amino]-2,4,6,- 
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triiodo- 1 ,3 -benzenedicarboxamide, 

(S)--N,N'-bis[2,3-dihydroxypropyl]-5-[(2-hydroxy-l-oxypropylamino]-2,4,6,-triiodo-l,3- 
benzenedicarboxamide, and 

5-[acetyl(2,3-dihydroxypropyl)aniino]-N,N'-bis[2,3-dihydroxypropyl]-2,4,6,-t riiodo-1,3- 
benzenedicart)Oxamide, (iohexol). 

The process of the invention includes a method for deacylating a compound wherein all of the 
hydroxy groups have been acylated and a method for deacylating monoacylated compounds such as, 
for example, acetyliopamidoL Examples of the alkanoyloxy group include acetyloxy, propionyloxy, 
butanoyloxy and the like. A preferred alkanoyloxy group is acetyloxy. The acyl groups include 
groups such as, for example, acetyl, propionyl, butanoyl and the like, A preferred acyl group is 
acetyl. 

The invention also contemplates a method for the purification of water soluble nonionic contrast 
agents. 

As used herein, the term "acyl" refers to groups having the formula ~C(.dbd.O)— R.sup.95 wherein 
R.sup.95 is hydrogen or a lower alkyl or aryl group. Representative examples of acyl groups include 
groups such as, for example, formyl, acetyl, propionyl, and the like. 

As used herein, the term "alkyl" refers to straight or branched chain alkyl radicals containing from 1 
to 12 carbon atoms. The term "lower alkyl" refers to straight or branched chain alkyl radicals 
containing from 1 to 6 carbon atoms including, but not limited to, methyl, ethyl, n-propyl, iso- 
propyl, 2-methylpropyl n-butyl, 2-butyl, t-butyl n-pentyl, 1-methylbutyl, 2,2-dimethylbutyl, 2- 
metiiylpentyl, 2,2-dimethylpropyl, n-hexyl, and the like. 

As used herein, the term "aryl" refers to a mono- or bicyclic carbocyclic ring system having one or 
two aromatic rings including, but not limited to, phenyl, naphthyl, tetrahydronaphthyl, indanyl, 
indenyl and the like. Aryl groups can be unsubstituted or substituted with one, two or three 
substituents. 

As used herein, the term "dihydroxyalkyl" refers to straight or branched chain alkyl radicals 
containing from 2 to 6 carbon atoms and having two hydroxy groups. Representative examples of 
dihydroxyalkyl groups include groups such as, for example, 1,3-dihydroxypropyl, 1,2- 
dihydroxy propyl, and the like. 

The term "halo" as used herein refers to F, CI, Br or I. 

The term "haloalkyl" as used herein refers to a lower alkyl group in which one or more hydrogen 
atoms has been replaced with a halogen including, but not limited to, trifluoromethyl, 
trichloromethyl, difuoromethyl, dichloromethyl, fluoromethyl, chloromethyl, chloroethyl, 2,2- 
dichloroethyl and the like. 

As used herein, the terms "S" and "R" configuration are as defined by the lUPAC 1974 
Recommendations for Section E, Fundamental Stereochemistry, Pure Appl. Chem. (1976) 45, 13-30. 



The reagents required for the synthesis of the compounds of the invention are readily available from 
a number of commercial sources such as Aldrich Chemical Co. (Milwaukee, Wis., USA); Sigma 
Chemical Co. (St. Louis, Mo., USA); and Fluka Chemical Corp. (Ronkonkoma, N.Y., USA); Alfa 
Aesar (Ward Hill, Mass. 01835-9953); Eastman Chemical Company (Rochester, N.Y. 14652-3512); 
Lancaster Synthesis Inc. (Windham, N.H, 03087-9977); Spectrum Chemical Manufacturing Corp. 
(Janssen Chemical) (New Brunswick, N.J. 08901); Pfaltz and Bauer (Waterbury, Conn. 06708). 
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Compounds which are not commercially available can be prepared by employing known methods 
from the chemical literature. 

The polymeric resins, e.g., IR-68 and Ambelite XAD-16 are available from suppliers such as Rohm 
and Haas Company (Philadelphia, Pa. 19106) 

The following examples illustrate the process of the invention, v/ithout limitation. 
EXAMPLE 1 

N,lSr-bis[2-(acetyloxy)-l-[(acetyloxy)methyl]ethyl]-5-amino-2,4,6-triiodo-l, 3- 
benzenedicarboxamide 

A suitable reaction vessel was charged with 50 kg of 5-amino-2,4,6-triiodoisophthalyl dichloride 
(ATIPA-CI) and 75 kg dimethylacetamide (DMA) and mixed. A solution of 18.5 kg of 2-amino-l,3- 
propanediol (serinol) and 30 kg of triethylamine in 45 kg of DMA was added to the above vessel. 
The reaction was mixed while gradually elevating the temperature to about 30, degree. C. This 
temperature was maintained for about 1.5 hours. The reaction was cooled and 0.5 kg of 4- 
dimethylaminopyridine was added to the vessel followed by the slow addition of 52 kg of acetic 
anhydride. The reaction was stirred for about 2 hours and quenched by slow addition to water. The 
solid was isolated by filtration, washed with water and dried (yield: 66 kg; 90%). .sup.l H NMR 
(300 MHz, DMSO-d.sub.6) .delta. 2.0 (S, 12H), 4.1(m, 8H), 4.3(m, 2H), 5.5 (S, 2H), 8.4, 8.7 (2d, 
2H). .sup. 13 C NMR (75 MHz, DMSO-d.sub.6) .delta. 20.8, 46.9, 62.1, 73.5 79.7, 147.6, 148.5, 
169.5, 170.2. 

EXAMPLE 2 

Preparation of Pentaacetyliopamidol 

The product, 55 kg, prepared in Example 1, was dissolved in 60 kg of DMA. 2(S)-Acetoxypropionyl 
chloride, 20 kg, was added slowly. The reaction was stirred at room temperature for about 2 hours 
and quenched by the slow addition of isopropanol. The mixture was neutralized with tributylamine. 
The pentaacetyliopamidol is collected by filtration, washed with isopropanol and dried (yield: 56 kg, 
90%). .sup.l HNMR (300 Mz, DMSO-d.sub,6) .delta. 1.5 (d, 3H), 2.0 (S, 12H), 2.1(2S, 3H0, 4.1(m, 
8H), 4.3(m, 2H), 5,2(q, IH), 8.8 (d, IHO, 8.9(t, IH), 10,1(S, IH). .sup.l3 C NMR (75 MHz, DMSO- 
d.sub.6) 17.6, 20,8, 47.0, 62.1, 69.4, 90.1, 99.0, 142.4, 149.6, 168.0, 169.1, 169.5, 170.3. 

EXAMPLE 3 

Preparation of lopamidol 

A solution of 58 kg of pentaacetyliopamidol in 400 L of methanol containing a catalytic amount, 400 
g, of aqueous hydrochloric acid was heated at reflux for about 30 hours. The methanol was removed 
by distillation and the residue dissolved in water. The acid was neutralized by stirring the solution 
with an acid-scavenging resin (TRA-68). The resin was removed by filtration and the resulting 
aqueous solution was passed through a 50 kg column of amberlite XAD-16 resin. The eluant was 
concentrated to provide an oil and the residue crystallized by heating the oil in a mixture comprising 
40 kg of acetonitrile and 150 L of ethanol, followed by cooling. The iopamidol was collected by 
filtration, washed with ethanol and dried (yield: 34 kg, 74%). 

Specific Rotation [.alpha.].sub.D.sup.20 =-5.0 in methanol, .sup.l HNMR (300 MHz, D.sub.2 
O) .delta. L6(d, 3H), 3.8 (d, 8H), 4.2(m, 2H), 4.5(q, IH). 13C NMR (75 MHz, D.sub,2 O) .delta. 
2L5, 55.1, 61.8, 70.2, 91.0, 99.8, 144.2, 151.2, 173.8, 178.6. 

Comparative Example 1 
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L"5-(.alpha.-Acetoxypropionylamino)2,4,6-triiodo-isophthalyl chloride 

A solution of 100 g (168 mmole) 5-aniinO"2,4,6-triiodo-isophthalyl chloride, in 100 ml of 
dimethylacetamide was prepared. L-2-Acetoxypropionyl chloride was added dropwise to the 
solution at room temperature. The mixture was stirred for 16 hours, at ambient temperature. The 
reaction mixture was diluted with 200 mL of acetone and added dropwise to 500 mL of cold water. 
The solid product was collected, washed with water and dried under vacuum at 65. degree. C. (Yield* 
llOg, 93 

Comparative Example 2 

L-5-.alpha.-Acetoxypropionylamino-2,4,6-triiodo-isophthalic acid di-(l ,3 -dihydroxyisopropylamide) 
(acetyliopamidol) 

The intermediate prepared in Example 1, (27.0 g 38.0 mmole), was dissolved in 140 ml 
dimethylacetamide. Tributylamine, (14.2 g, 76.6 mmole) was added followed by a solution of 1,3- 
dihydroxy (8.6 g, 94.4 mmole), in 80 mL of dimethylacetamide. The mixture was stirred and heated 
at 50 C. for 22 hours. The reaction mixture was added dropwise to 1.0 L of methylene chloride with 
vigorous agitation, and the resulting precipitate was filtered off and washed to provide 25.8 g of the 
title compound. 

Comparative Example 3 

L-5-. alpha. -Hydroxypropionylamino-2,4,6-triiodo-isophthalic acid di-(l,3- 
dihydroxyisopropylamide) (iopamidol). 

The L-5-.alpha.-acetoxypropionylamino-2,4,6,-triiodoisophthalic acid di-(l,3-di- 
hydroxyisopropylamide) (20 g, 24.4 mmole) was dissolved in water. The pH was adjusted to 1 1 with 
concentrated sodium hydroxide solution and heated to 40 C. Additional NaOH solution was added 
until the pH stabilized, indicating the complete saponification of the acetoxy groups. The reaction 
mixture was acidified to pH 7 with 3N hydrochloric acid. The resultant solution passed over a 
column of IR 120 resin (25 g) and followed by passing over a column of A-21 (35 g) resin to desalt 
the solution. (Resins available from the Rohm & Haas Co.) The product was purified by passing over 
a XAD-16 column. The title compound was obtained by removal of the solvent in vacuo followed by 
crystallization from acetonitrile.backslash.water (1 :3) (yield: 9.2 g; 48%). 

Elemental analysis, calculated for C.sub.l7 H.sub.22 1.sub.3 N.sub.3 O.sub.l 1 : C, 26.27%. and I, 
47.79%. Found: C, 26.27% and I, 48.79%. Specific Rotation [.alpha.].sub.D.sup.20 =-4.5 in 
methanol. 

The foregoing is merely illustrative of the invention and is not intended to limit the invention to the 
disclosed processes and reaction conditions. Variations which are obvious to one of ordinary skill in 
the art are intended to be included within the scope and nature of the invention which are defined in 
the appended claims. 
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Claims 



We claim: 

1. Polyiodinated nonionic compound of formula: ##STR90## 

2. Contrast media comprising the compound according to claim 1. 

3. Contrast media according to claim 2, comprising an aqueous solution of the compound. 

Description 



This application is a 371 of PCT/FR93/00175, filed Feb. 22, 1993. 

The present invention relates to compounds which can be used in contrast media for radiography, 
BACKGROUND 

lodobenzene compounds having on the benzene ring several iodine atoms, in general 3 iodine atoms 
per benzene ring and various other substituents, have been used for a long time as contrast agents. 
These other substituents are pharmacologically acceptable groups which allow administration of the 
compounds to man and to animals. These substituents are generally chosen, on the one hand, to 
confer on the compounds a sufficient water-solubility for administering these compounds in aqueous 
solution and, on the other hand, to confer on these compounds sufficient tolerance by the human 
body. 

To this effect, nonionic compounds, that is to say substituted iodobenzenes possessing nonionic 
substituents, have been proposed. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide new nonionic compounds which are well tolerated 
by the human body, which are stable in aqueous solution, which possess good water-solubility and 
which, in aqueous solution, possess low viscosity. 

To this effect, the present invention provides compounds having formula I: ##STR2## wherein: 
R.sub.l represents a group selected from ##STR3## R.sub.4 representing ~CH.sub.3, ~CH.sub.2 - 
CH.sub.2 OH, -CH.sub.2 -CHOH-CH.sub.2 OH or -CH~(CH.sub.2 OH).sub.2, ##STR4## 
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R.sub.4 being as defined above, ##STR5## R.sub.5 representing -H or R.sub.4, ##STR6## R.sub.l6 
representing R.sub.4 or --CH.sub.2 (CHOH)-Sub.2 CH.sub.2 OH ##STR7## R.sub.4 being as 
defined above, ##STR8## representing a linear or branched (C.sub.4 -C.sub.8)alkylene group, a 
linear or branched hydroxy- or polyhydroxy (C.sub.l — C.sub.4)alkylene group, a linear or branched 
(C.sub.l -C.sub.4)alkoxy(C.sub.4 -C.sub.8)alkylene group, a linear or branched hydroxy- or 
polyhydroxdroxy(C.sub.l -C.sub.4)alkoxy(C.sub.4 -C.sub.8)alkylene group, 

R,sub.2 represents a group selected firom — COR.sub.l and ##STR9## R.sub.l being as defined 
above and R.sub.7 and R.sub.8, which are identical or different, representing a group selected from - 
-H, a linear or branched (C.sub.l -C.sub.6)allcyl, a linear or branched hydroxy- or polyhydroxy 
(C.sub.l -C.sub.6 )alkyl group, a linear or branched (C.sub.l -C. sub .4)alkoxy (C.sub.l -C.sub.6)alkyl 
group and a linear or branched hydroxy- or poly hydroxy (C.sub.l -C.sub.4)alkoxy(C.sub.l -C.sub.6) 
alkyl group, 

R.sub.3 represents 

the group ##STR10## R.sub,9 and R.sub.lO representing R.sub.7 and R.sub.8, a group of formula 
##STR1 1## a group of formula ##STR12## R.sub. 10 being as defined above and R.sub.l 1 having 
the seine meanings as R.sub, 10 except ~H. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Polyhydroxy group is understood to mean a group containing 2 to 5 —OH groups. 

Among the preferred ##STR13## groups, there may be mentioned those possessing 2 to 4 hydroxy 1 
groups and containing 5 to 6 members, especially: 

tiie groups ##STR14## 

A first gi'oup of preferred compounds according to the invention is that having the following formula 
n: ##STR15## wherein R.sub.4 is -CH.sub.2 CH.sub.2 OH or -CH.sub.2 -CHOH-CH.sub.2 OH 
and R.sub,10 is ~H or -CH.sub.3. 

The compound of the following formula Ila is particularly preferred: ##STR16## 

A second group of preferred compounds according to the invention is that having the following 
formula III: ##STR17## wherein R.sub.2 is ##STR18## R.sub.4 is as defined above for formula I, 
and R.sub.lO represents — H or —CH.sub.3. 

The compounds of the following formula Illa, Illb, nic. Hid and Ille are particularly preferred: 
##STR19## 

A third group of preferred compounds according to the invention is that having the following 
formula IV: ##STR20## wherein R.sub.2 is selected from tiie groups ##STR21## R.sub.5 is as 
defined above for the formula I and R.sub. 10 represents ~H or —CH.sub.3. 

The compounds of the following formula IVa, IVb, IVc, IVd, IVe and IVf are particularly preferred: 
##STR22## 

A fourth group of preferred compounds according to the invention is that having the following 
formula V: ##STR23## wherein: R.sub.2 is -CONHCH.sub.3, ##STR24## R.sub. 16 is as defined 
above for the formula I and R.sub.lO represents — H or —CH.sub.3. 

The compounds of the following formulae Va, Vb, Vc, Vd and Ve are particularly preferred: 
##STR25## 
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A fifth group of preferred compounds according to the invention is that having the following formula 
VI: ##STR26## wherein R.sub,4 is as defined above for the formula I, R.sub.9 represents ~CH.sub.3 
or "CH.sub.2 CH.sub.2 OH and R.sub, 10 represents --H or --CH.sub3. The compounds of the 
following formulae Via and VTb are particularly preferred: ##STR27## 

A sixth group of preferred compounds according to the invention is that having the formula Vn 
below: ##STR28## wherein R.sub.9 and Ksub. 10 are as defined for the formula L 

Among the compounds of the invention which contain a cyclic amine, another preferred product is: 
##STR29## 

Among the compounds of the invention of the dimeric type the products of formulae below are 
preferred: ##STR30## 

The compounds of formula I in which the group R.sub.2 is different from the group -COR. sub. 1 
may be advantageously prepared by the process consisting of the following stages: 

a) reduction, under usual conditions, of a compound of formula Vm ##STR3 1## wherein R.sub.2 
represents the group ##STR32## and R.sub.8 are as defined above for the formula I, to give a 
compound of formula IX ##STR33## R.sub,2 being as defined above, b) iodination of the compound 
of formula IX to give a compound of formula X: ##STR34## wherein R.sub.2 is as defined above c) 
optionally, protection of the hydroxy 1 groups of R.sub.2 by means of a conventional protecting 
group; and, 

d. sub.l) chlorination of the compound of formula X, under usual conditions, to give a compound of 
formula XI: ##STR35## wherein R.sub.2 represents the group R.sub.2, optionally protected, 

e. sub. 1) acylation of the compound of formula XI under usual conditions, by means of a compound 
of formula Xn: 

R.sub.9 COCI (Xn) 

wherein R.sub.9 represents R.sub.9 whose hydroxyl groups are protected, to give a compound of 
formula XIII: ##STR36## wherein R.sub.9 and R.sub.2 are as defined above, f sub.l) amidation of 
the compound of formula Xni, under usual conditions, with an aminoalcohol selected from the 
compounds of formula: ##STR37## R.sub.4, R.sub.5, Rsub.6 and R.sub. 16 being as defined above 
for the fonnula I, to give a compound of formula XIV: ##STR38## wherein R.sub.2, R.sub. 9 and 
R.sub.1 are as defined above, g.sub.l) optionally, deprotection of the hydroxyl groups of R.sub.2 
and R.sub.9, and 

h.sub .l) optionally, alkylation, under usual conditions, of the compound of formula XIV with a 
compound of the formula XV: 

Rsub.lO-X(XV) 

R.sub. 10 being as defined above and X being a movable group such as Br, CI or I, to give a 
compound of formula I. 

The compounds of formula I in which R.sub.2 =— COR.sub. 1, R.sub. 1 and R.sub. 3 being as defined 
above for the formula I, can also be prepared in the following manner: 

a) reduction, under usual conditions, of a compound of formula XVI: ##STR39## to give a 
compound of formula XVII: ##STR40## b) iodination of the compound of formula XVII to give the 
compound of formula XVIII: ##STR41## c) chlorination under usual conditions, of the compound of 
formula XVni to give the compound of formula XIX: ##STR42## d) acylation of the compound of 
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formula XIX under usual conditions, by means of a compound of formula Xn, as defined above, to 
give a compound of formula XX: ##STR43## R\sub.9 being as defined above, e) amidation of the 
compound of formula XX, under usual conditions, with an aminoalcohol selected from ##STR44## 
R.sub,4, R.sub.5, R.sub.6 and R.sub.l6 being as defined above for the formula I, so as to give a 
compound of formula XXI: ##STR45## in which Rsub, 1 and RVsub.9 are as defined above, f) 
optionally, deprotection of the hydroxyl groups of R.sub.9 

g) optionally, alkylation, under usual conditions, of the compound of formula XXI with a compound 
of formula XV as defined above, to give a compound of formula I. 

The compound of formula Vin is obtained according to the method described in the patent FR-no. 
6777M. 

The reaction of stage a) is advantageously carried out by catalytic reduction by hydrogen over 
palladised carbon or overRaney nickel or by chemical reduction under usual conditions. 

The iodination step is carried out under usual conditions such as by means of aqueous ICl or I, sub. 2, 
in the presence of Kl/ethylamine or KICl.sub.2, at temperatures ranging from O.degree. C. to 
lOO.degree. C. 

The chlorination reactions are carried out in the usual manner, for example by means of SOCl.sub.2 
or PCLsub.5 at high temperature. 

The acylation reactions are advantageously carried out in a solvent such as DMAC, 

The amidation reactions are advantageously carried out in the presence of triethylamine. 

The reactions for deprotecting the hydroxyl groups are advantageously carried out in the presence of 
K.sub.2 CO:sub.3 in methanol or NaOH, H.sub.2 SO.sub.4 or HCl 

The reaction for alkylating the compound of formula IX is advantageously carried out in the 
presence of NaOH, KOH, MeONa in DMAC, DMF or monoglyme. 

The acetylation reaction is preferably carried out using acetic anhydride in a solvent, in the presence 
of pyridine, HClO.sub.4, H.sub.2 SO.sub.4, DMAP or using acetyl chloride at high temperature. 

The compounds of formula VII are prepared by the process described above from 5-acetamido-2,4,6- 
triiodoisophthaloyl dichloride and the aminoalcohol of formula ##STR46## 

The subject matter of the invention is also new aminoalcohols which are intermediate products in the 
preparation of test products for diagnosis. The aminoalcohols are especially useful as agents which 
enhance the biocompatibility of in particular iodinated contrast products, and more particularly the 
compounds of formula I. 

A first group of new aminoalcohols have the following formula: ##STR47## in which R, sub. 12 
represents a group selected from «CH.sub.3, -CH.sub.2 CH.sub.2 OH, -CH.sub.2 -CHOH- 
CH.sub.2 OH, -CH-(CH.sub.2 OH).sub.2 and --CH.sub.2 (CHOH).sub.2 -CH.sub.2 OH. 

A second group of new aminoalcohols have the following formula XXIII: ##STR48## in which 
Rsub. 13 is selected from -CH.sub.S, ~CH.sub.2 CH.sub.2 OH, -CH.sub.2 -CHOH-CH.sub,2 
OH, and -CH(CH.sub.2 OH).sub.2. 

A third group of new aminoalcohols have to the following formula XXIV: ##STR49## in which 
R.sub.l4 is a group selected from -CH.sub.3, -CH.sub.2 CH.sub.2 OH and -CH.sub.2 
CHOHCH.sub.2 OH. 
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The preparation of the following aminoalcohols will be described below: 

aminoalcohol of formula XXII in which R,sub.l2 represents -CH.sub.3 (compound no. 1), 

aminoalcohol of formula XXII in which R.sub.l2 represents the group -CH.sub.2 CHOH-CH.sub.2 
OH (compound no. 2), 

aminoalcohol of formula XXII in which R. sub, 12 represents the group CH.sub.2 CHOH (compound 
no. 3), 

aminoalcohol of formula XXII in which R.sub.l2 represents "CH(CH.sub.2 OH).sub.2 (compound 
no. 4), 

aminoalcohol of formula XXin in which R.sub.l3 represents ##STR50## aminoalcohol of formula 
XXni in which R.sub.l3 represents — CH.sub.3 (compound no. 6), 

aminoalcohol of formula XXni in which R.sub.l3 represents ~CH.sub.2 CH.sub.2 OH (compound 
no. 7), 

aminoalcohol of formula XXIII in which R. sub. 13 represents — CH(CH.sub.2 OH).sub.2 (compound 
no. 8), 

aminoalcohol of formula XXIV in which R.sub. 14 represents the group —CH.sub.3 (compound no. 
9), 

aminoalcohol of formula XXIV in which R.sub,14 represents ~CH.sub,2 CH.sub.2 OH (compound 
no. 10), 

aminoalcohol of general formula XXIV in which R.sub. 14 represents the group —CH.sub.2 ~ 
(CHOH)-CH.sub.2 OH (compound no. 1 1), 

aminoalcohol of formula XXII in which R.sub. 12 represents —CH.sub.2 — (CHOH).sub.2 —CH.sub.2 
OH (compound no. 12). 

Preparation of the aminoalcohol no. 1 ##STR51## a) Preparation of the compound of formula 
##STR52## 

2 g (13.7 mmol) of 2,4-ethylidene-D-erythrose obtained according to the process described in J. Am. 
Chem. Soc. 2301, 1960, Barker R. et al., are dissolved in 10 cm.sup-3 of water at 30.degree. C. 10 
cm.sup.3 of an aqueous solution of methylamine (40%) are added dropwise at 0. degree. C. After 
returning to room temperature, the stirring is continued for 2 h. The solution is then reduced, at room 
temperature, in the presence of palladium on carbon. The catalyst is then filtered and the filtrate 
concentrated to dryness. After solidification in ethyl ether, 1.7 g of the title product are obtained, 
equivalent to a yield of 77%. 

TLC (dioxane/H.sub.2 O/NH.sub.3 :8/3/2) Rf: 0.74 

TLC (CH.sub.2 Cl.sub.2 /MeOH 8/2) Rf: 0.17. 

.sup. 13 CNMR(DMSO) (.delta.,ppm) 200MHz 98.2-(C-CH); 80.3 (CH-O); 70.5 (CH.sub.2 -O); 
63.4 (CHOH); 53.1 (CH.sub.2 -N); 36.5 (NH-CH.sub.3); 20.7 (C-CH.sub.3). 

b) Preparation of the compound of formula: ##STR53## 
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1.5 g (9.3 mmoi) of the product obtained in a) are dissolved in 20 cm.sup.3 of 2N HCl. The solution 
is stirred at 50. degree. C. for 5 h. After concentration, and purification by passing through an 
H.sup.+ resin, the solution is evaporated to dryness. The residue is taken up in ethyl ether. After 
filtration and drying, 0.8 g of the title product is obtained (yield: 64%). 

TLG (dioxane/H.sub.2 O/NH.sub.3 :8/3/2) Rf: 0.18 

.sup. 13 CNMR(DMSO) (.delta.,ppm):200MHz 74.5-.(CH-CH.sub.2 OH); 69.6 (CHOHCH.sub.2); 
63.3 (--CH.sub.2 OH); 54.7 (-CH.sub.2); 36.12 (NHCH.sub.3) MS CDCI/NH.sub.3) m/z: 153 
(M+N.sup.+ H.sub.4); 136 (M+H.sup.+) base peak. 

Preparation of the aminoalcohol no. 2 ##STR54## a) Preparation of the compound of formula: 
##STR55## 

The compound is prepared according to the method described above. 

The amino-reduction of 2,4-ethylidene-D-erythrose (6 g, 41 mmol) is carried out in the presence of 
aminopropanediol (1.2 equiv.) in ethanol (40 cm.sup.3). 

After chromatography on a silica column, the title product is obtained with a yield of 73%. 

TLC (dioxane/H,sub.2 O/NH.sub.3 :8/3/2) Rf: 0.73 .sup. 13 C NMR (DMSO) (.delta.,ppm):(200 
MHz) (98, C "CH.sub.3); (80.2-80.5, CH-O); (70.2-70.4 CH.sub.2 -O); (70,3.CHOH); (64.5-64.6,^ 
CH.sub.2 OH); (62.2-63.1, CHOH);(52.9-53, CH.sub.2); (50.8-51, CH.sub.2); (20.5, CH.sub.3). 

b) Preparation of the compound of formula: ##STR56## 

6 g (29.8 mmol) of the product obtained in the preceding stage are deprotected by treatment with 5N 
HCl (50cm.sup.3). The reaction medium is stirred for 4 h at 50.degree. C. After evaporation, the 
residue obtained is purified on an H.sup.+ resin. After concentration and solidification in ethyl ether, 

2.6 g of the title product are obtained (yield 54.7%) 

TLC (dioxane/H.sub.2 O/NH.sub.3 :8/3/2) Rf: 0.39 

.sup. 13 C NMR (DMSO) (.delta.,ppm) 74.3 (CH™CH.sub.2 OH butanetriol chain); 70.3 (CH- 
CH.sub.2).times.2; 64.5-64.6 (CH.sub.2 OH butanetriol chain); 63.3 (CH.sub.2 OH); 52.8 (CH.sub.2 
N).times.2 

MS (DCI/NH.sub.3) m/z 196 (M+H.sup.+) base peak; 178 (M+H.sup.+ "H.sub.2 O); 160 
(M+H.sup.+ -2H.sub.2 O) 136, 122, 109, 92. 

Preparation of the aminoalcohol no. 3 ##STR57## 

Just like methylamine (for the preparation of the aminoalcohol no. 1) and aminopropanediol (for the 
preparation of the aminoalcohol no. 2), ethanolamine, under the same amino-reduction conditions, 
gives, presence of 2,4-ethyHdene-D-erythrose, the title product. 

a) Preparation of the compound of formula ##STR58## 
TLC(CH.sub.2Cl.sub.2/MeOH/NH.sub.3 :8/2/l)Rf: 0.56 

.sup. 13 C NMR (DMSO) (.delta.,ppm): 97.9 (C-CH.sub.3); 80.5 (CH«0); 70.2 (CH.sub.2 OH); 
62.9 (CHOH); 60.2 (CH.sub.2 -O); 51.6(CH.sub,2 --N); 50.7 (CH.sub,2 -N); 20.4 (CH.sub.3). 

b) Preparation of the compound of formula ##STR59## 
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TLC(CH.sub.2 Cl.sub.2 /MeOH/NH.sub.2 55/30/10) Rf: 0.25 
TLC(dioxane/H.sub.2 O/NH.sub.3 :8/3/2)Rf: 0.48 

sup. 13 CNMR (DMSO) (. delta., ppm): 74.5 (CHOHCH.sub.2 OH); 70.2 (CHOH-CH.sub.2); 63.5 
(CHOHCH.sub.2 OH); 60.4 (CH.sub.2 CCH.sub.2 OH); 52.5 (CH.sub.2 -CHOH); 51.8 (CH.sub.2 
CH.sub.2 OH). 

By repeating the procedures described above and by using serinol with 2,4-ethyIidene-D-erythrose, 
the aminoalcohol of formula ##STR60## (aminoalcohol no. 4) is obtained. Preparation of the 
aminoalcohol no. 5 ##STR61## 

3 g (18 mmol) of 2,3-epoxy-l,4-butyldiol prepared according to the method described in J. Med. 
Chem. 1976, vol. 19, No. 1, 153-158, are dissolved in 10 cm.sup.3 of methanol. 0.9 equiv. of 
aminopropanediol in 10 cm of methanol is added dropwise, at room temperature. The reaction 
medium is maintained at 45.degree.-50.degree. C. for 48 h. After evaporation, the crude product is 
purified with an H.sup.+ resin and concentrated to dryness. After taking up in ether and drying, 4 g 
of the title product are obtained (yield 72.7%). 

TLC (dioxane/H.sub.2 O/NH.sub.3 :8/3/2) Rf: 0.58 (CH.sub.2 Cl.sub.2 /MeOH/NH.sub.3 : 6/3/1) 
Rf: 0.55 

.sup.l3 CNMR (DMSO) (.delta, ppm): 71-71.2 (CHOH);64.6(.-NH--CH--CH.sub.2 OH); 63.5 
(CH.sub,2 OH propanediol chain); 61.4 (-CH-); 61 (CH,sub.2 OH); 51.3 (CH.sub.2 -N). 

The opening of the epoxide described above can also be performed using methylamine, 
ethanolamine and serinol so as to obtain, respectively, the compounds: ##STR62## Preparation of 
the aminoalcohol of formula: ##STR63## 

18.1 g (0.1 mol) of 3-bromomethyl-3-hydroxymethyloxetane, prepared according to the method 
described in Propellants, Explos., Pyrotech., 16(1)40-42, 1991, are stirred in 20 ml of methanol and 
76 ml (1 mol) of 40% aqueous methylamine at 50. degree. C, for 24 h The mixture is evaporated to 
dryness and tiie residue is dissolved in 100 ml of O.IN sulphuric acid. 

The solution is refluxed for 12 h and then treated by a resin. The title product is obtained by 
evaporation of the eluent. 

Preparation of the aminoalcohol of formula no. 10: ##STR64## 

18.1 g (0.1 mol) of 3-bromomethyl-3-hydroxymethyloxetane, obtained as described above are stirred 
in 20 ml of methanol and 60.5 ml (1 mol) of ethanolamine at 50. degree. C, for 24 h. The mixture is 
evaporated to dryness and the residue is dissolved in 100 ml of O.IN sulphuric acid. The solution is 
refluxed for 12 h and then treated by a resin. The title compound is obtained by evaporation of the 
eluent. 

In the same manner as for the aminoalcohols nos. 9 and 10, the aminoalcohol no. 1 1 of formula: 
##STR65## is obtained from 3-bromoethyl-3-hydroxymethyloxetane and l-amino-2,3-propanediol. 

Preparation of the aminoalcohol no. 12: ##STR66## 

3,4-butanediol is prepared according to the rearrangement method described in patent U.S. Pat. No. 
4,661,646 from 1,4-butanediol (available, commercially from the company Aldrich-Strasbourg). 

Epoxidation of the 3,4-butanediol is carried out according to the method described in patent U.S. Pat. 
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No. 3,352,898 and gives 3,4-epoxy-l,2-butanediol. 

The opening of the epoxy diol with benzylamine (0.5 equiv,) gives bis(2,3,4-trihydroxybutyl) 
benzylamine. 

After debenzylation, by hydrogen, in the presence of palladised carbon, bis(2,3,4-trihydroxybutyl) 
amine(aminoalcohoI no. 12) is obtained. 

The aminoalcohol of formula ##STR67## is prepared as described in Tetrahedron Letters, 31, 6777 
(1990), J. Org. Chem. 50, 892 (1985) or J. Chem. Soc. Chem. Commun. 262 (1987). 

The aminoalcohol of formula XXHI, in which R.sub.l3 represents H, is prepared as described in 
U.S. Pat. No. 4,341,756 and U.S. Pat No. 4,439,613. 

The aminoalcohol of formula XXV ##STR68## in which R.sub.l5 represents -CH.sub.3 is prepared 
as described in J. Org. Khim., 22 (2), 298, 1986. 

The aminoalcohol of formula XXV, in which R.sub.l5 represents -CH.sub.2 CH.sub.2 OH, is 
marketed by Eastman Kodak. 

The aminoalcohol of formula XXV, in which R. sub. 15 represents ##STR69## is prepared as 
described in J. Am. Chem. Soc, 66 881, 1944. 

The aminoalcohol of formula XXIV, in which R.sub.l4 represents H, is prepared as described in 
Propellants, Explos. Pyrotech. 16(1), 40-42, 1991. 

The aminoalcohols of general formula: ##STR70## are prepared in the following manner: R. sub. 15 
represents -CH.sub.3 (EP 25083); 

R.sub.l5 represents -CH.sub.2 CH.sub:2 OH (EP 25083, J. Med. Chem. 10(3), 511, 1967); 
R.sub.l5 represents ##STR71## (EP 25083). 

The aminoalcohol of formula: ##STR72## is prepared as described in Angew. Chem. 6, 23, (1984), 
J. Med. Chem. Z, 1962 (1990). 

The aminoalcohol of formula: ##STR73## is prepared as described in Tetrahedron Letters, 8, 857 
(1984). 

The aminoalcohol of formula: ##STR74## is prepared as described in J. Pharmacy and 
Pharmacology, 14 306 (1962). 

The aminoalcohol of formula: ##STR75## is prepared as described in Chem. Ber., 8, 2467 (1967), 
Tetrahedron Letters, 15, 2139 (1990). 

The aminoalcohol of formula: ##STR76## is prepared as described in G. Meng. M. Hesse, Helvetica 
Chimica Acta, vol. 74, p. 445-450 (1991). 

Naturally, the invention encompasses not only the compounds of formula I in the form of racemic 
mixture, but also stereoisomers such as the enantiomers, diastereoisomers, optical isomers, and 
isomers SYN-ANTI, ENDO-EXO, E-Z, resulting from presence of asymmetric carbon atoms and/or 
limited rotation due to the steric hindrance caused by iodine atoms and/or by the substituents 
RH.sub. 1, R.sub.2 and R.sub.3 of the compounds of formula I. 

The subject matter of the present invention also the contrast media containing at least one compound 
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of fonnulal. 

These contrast media are used in man and in animals for radiological purposes. 

The preferred pharmaceutical forms of the contrast media according to the invention are aqueous 
solutions of the compounds. 

The aqueous solutions generally contain a total of 5 to 100 g of at least one compound of formula I 
per 100 ml and the injectable quantity of such solutions may generally vary from 1 to 1000 ml. 

The aqueous solutions of the compounds of formula I may also contain certain additives such as: 

sodium chloride at concentrations of between 0.1 to 10 mM 

EDTA disodium salt, at concentrations of between 0.1 and 2 mM 

sodium citrate at concentrations of between 0.1 and 10 mM 

heparin in amounts of between 10 and 100 units per 100 ml of solution, 

and buffer solutions such as tris(hydroxymethyl)aminomethane hydrochloride. 

These compositions may be administered by any route conventionally used for iodinated nonionic 
contrast agents. Thus, they can be administered enterally (orally, rectally) or parentally 
(intravenously, intraarterially, intraarticularly, opacification of the cavities), and in particular into the 
subarachnoid space, as well as by the bronchial, lymphatic and intrauterine routes. 

In some special uses it may be necessary, in order to perform the diagnosis of a given pathology, 
especially in a specific organ, to have recourse to what is known as vectorisation of the contrast 
agent, which may be achieved by encapsulation of the said agent in liposomes or by its binding to a 
biomolecule, especially proteins. 

An example of a composition according to the present invention will be given below. 
Composition 

Composition of example 2 65 g 
Water for injection 
qs 100 g 

The following examples illustrate the preparation of the compounds of formula I 
EXAMPLE 1 

Preparation of 5-acetamido-N,N'dimethyl-N,N'-bis[2,2-bis(hydroxymethyl)-3-hydroxypropyl]" 
2,4,6-triiodoisophthalamide of formula: (compound IVa) ##STR77## 1-Preparation of the 
compound of formula: ##STR78## 3-hydroxymethyl-3-methyiaminomethyloxetane. 

16 g (0.088 mol) of 3-bromomethyl-3-hydroxymethyloxetane, prepared according to M. A. Hiskey, 
Propellants, Explosives, Pyrotechnics, 16, 40-42 (1991), are stirred in 50 ml of ethanol with 69 ml 
(0,88 mol) of 40% aqueous methylamine, at 80.degree. C, under pressure, for 5 hours. The mixture 
is evaporated to dryness, then the residue is redissolved in 50 ml of ethanol, and 4.9 g (0.088 mol) of 
potassium hydroxide are added. After 1 hour, the suspension is filtered and the filtrate is evaporated 



http://patft.uspto.gov/netacgi/nph-Parser?Sectl=PT01&Sect2=HITOFF&d=PALL&p... 22/10/2005 



United States Patent: 5,609,851 



Pagina 11 di 16 



to dryness. The residue is taken up in 50 ml of dichloromethane. The suspension is filtered and then 
evaporated to dryness. The residue is distilled (b p: 160.degree. C, at 0.03 bars) and 10.2 g of 3- 
hydroxpethyl-3-methylaminomethyloxetane are obtained (yield 88.7%). 

Analyses: 

TLC: (SiO.sub.2): CH.sub.2 Cl.sub.2 -MeOH 8/2 Rf: 0.3 

IR (KBr) 3380, 3300, 2940, 2870, 2800, 1450, 1070, 930 cm.sup.-l. 

NMR: 

sup.l H(DMSO-d.sub.6).delta.:4.27 (s, 4H, CH,sub.2 ring), 3,59 (s, 2H, CH.sub,2 -O), 2.71 (s, 2H, 
CH.sub.2 -N), 2.29 (s, 3H, CH.sub.3) 

.sup.l3 C (DMSO-d.sub.6),delta.:76,27; 64.32; 55.51 (methylene) 44.17 (quaternary), 37.06 
(methyl). 

2- Preparation of the compound of formula: ##STR79## 
2,2-bis(hydroxymethyl)-3-methylamino-l-propanol(aminoalcohol no. 9) 

10 g (0.08 mol) of 3 -hydroxy methyl-3-methylaminomethyloxetane are dissolved in 30 ml of water 
with 6.5 ml of 18N sulphuric acid. The solution is refluxed for 16 hours and then cooled and eluted 
through anionic resin IRC 50. The eluate is evaporated to dryness and the residue is distilled 

(b.p.: 180.degree.-190.degre6. C, at 0.02 mbar) to give 6 g (yield: 50%) of 2,2-bis(hydroxymethyl)- 
3 -methy laminopropanol , 

Analyses: 

TLC (SiO.sub.2) (methanol/ammonium hydroxide: 8/2)Rf: 0.39 
I.R (KBr) 3290, 3250, 2960, 2940, 2880, 1450, 1020 cm.sup.-l 

.sup.l H(DMSO-d.sub.6),delta.4.10 (s, 3H, OH), 3.35 (s, 6H, CH.sub.2 O), 2.49 (s, 2H, CH.sub.2 
N), 2.27 (s, 3H, CH.sub.3) 

.sup. 13 C (DMSO-d.sub.6).delta. 62.77; 54.05 (methylene), 44.34 (quaternary), 37.32 (methyl). 

3- Preparation of 5-acetamido-2,4,6-triiodoisophthaloyl dichloride 

To a mixture of 16 ml of acetic anhydride (0.18 mol) and 2 ml of concentrated sulphuric acid are 
added 5 g of 5-amino-2,4,6-triiodoisophthaloyl chloride (0.008 mol) obtained according to the 
method described in FR 2, 343, 718. The stirring is continued for 1 hour at room temperature. 3.24 g 
of product are obtained after filtration, with a yield of 60.6%. 

TLC (Si0.sub.2),(toluene-acetone: 80/20), Rf 0.37. 

4- Preparation of 5-acetamido-N,N -dimethyl-N,N*-bis-[2,2-bis(hydroxymethyl)-3-hydroxypropyl ]- 
2,4,6-triiodoisophthal amide 

10 g (0.0156 mol) of 5-acetamido-2,4,6-triiodoisophthaloyl dichloride, obtained in the preceding 
stage, are dissolved in 30 ml of dimethylacetamide containing 6.5 ml (0,047 mol) of triethylamine. 
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6.9 g (0.047 mol) of 2,2-bis(hydroxymethyl)-3-methylaniino-l-propanol, obtmned in stage 2 above, 
are slowly added to the solution, at a temperature of SO.degree. C. The stirring is continued for 6 
hours at this temperature, and then the solution is evaporated to dryness. The residue is taken up in 
water and is eluted through the resins IRN 77 and IRA 67. After evaporation to dryness, 9.5 g of a 
white powder are obtained (yield 70%). 

TLC (Si0.sub.2)-butanol/H.sub.2 O/CH.sub.3 COOH 50/25/11 
Rf: 0.49; 0.53 

13CH.sub.2 Clsub.2 methanol 8/2 

Rf: 0.82. 

EXAMPLE2 

Preparation of the compound of formula: (compound Vc) ##STR80## 

5-acetamido-N,N'-dimethyl-N,N'-bis(2,3,4-trihydroxybutyl)-2,4,6-triiodoisop hthalamide. 

1.2 g (1.85 mmol) of 5-acetamido-2,4,6'triiodoisophthaloyl dichloride, as described in Example 1-3) 
above, is added to a solution of 1 g (7.4 mmol) of the aminoalcohol no. 1 prepared according to the 
method described above, and triethylamine (7.4 mmol) in 7 ml of dimethylacetamide. The stirring is 
continued for minutes at 40.degree. C. The triethylamine hydrochloride is removed by filtration. 

The filtrate is evaporated to dryness, taken up in water and eluted through the resins IRN 77 and IRA 
67. After evaporation to dryness, 1.32 g of a white powder are recovered (yield 84%). 

Iodine assay: 99.5% 

HPLC purity: 99% Lichrosphere C.sub.l8 5 .mu.m O.OIM NaH.sub.2 PO.sub.4 MeOH 

TLC (SiO.sub.2) CH.sub.2 Cl.sub.2 /MeOH: 70/30, Rf: 0.33, 0.26, 0.58 dioxane/water/NH.sub.3 : 
80/30/20, Rf 0.74 

.sup.l HNMR (DMSO) 200 MHz (. delta , ppm): (2.1, s, 3H, NHCOCH.sub.3); (2.85, s, 6H, 
CH.sub.3); (3,1-4, broad 12H, CH and CH.sub.2); (4.3-4.9, un-broad 6H, OH) (10, broad IH, NH) 

.sup.l3 C(.delta.,ppm): (22.28, NHCOCH.sub.3); (37.76, N-CH.sub.3); (50.58, N-CH.sub.2); 
(62.35, CH.sub.2 OH); (69.89-73.4, CHOH); (89.45-97.4-98.8, 2C-I) (143.69, C.sub.ar -N); (148- 
148.6. C.sub.ar -CO) (171.9-172.1, C.dbd.O), 

EXAMPLE 3 

Preparation of the compound of formula: (compound Vb) ##STR81## 

[N-(2,3-dihydroxypropyl)-N-(2,3,4-trihydroxybutyl)]-3-(N'-methyl).5-N-methy lacetamido-2,4,6- 
triiodoisophthalamide. 

1 g (1,54 mmol) of 5-N-methylacetamido-2,4,6-triiodo-N-methylbenzamide chloride prepared 
according to the method described in FR 2,272,640, is added to a solution of 542 mg (3,09 mmol) of 
the aminoalcohol no. 2 obtained according to the method described above, and triethylamine (3.09 
mmol) in 7 ml of dimethylacetamide. The stirring is continued for 4 hours at 60. degree. C. 

The solution is then concentrated by distillation. After purification with the resins IRN 77 and BRA 
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67 and evaporation to dryness, 1 g of a white powder is obtained (yield: 82%). 

TLC (Si0.sub.2)CH.sub.2 Cl.sub.2 /MeOH: 7/3: Rf 0.58 dioxane/H.sub.2 0/NH,sub.3 : 80/30/20 Rf* 
0,89 



.sup.l3 C NMR 200 MHz (. delta., ppm): (24.22, N-CH.sub.3); (25.73, COCH.sub.3); 33.65, 
NHCH.sub.3); (49.63-53.54, N(CH.sub.2).sub.2); (61.8-63.3, CH.sub.2 OH); (68.64-73.28, CHOH); 
(90,56-98,01, C-I); (147.9-148.1, C-CO); (150.33, C.sub.ar -N); (171.6-172.9, C.dbd.O). 

EXAMPLE 4 

Preparation of the compound of formula: (compound Ila) ##STR82## 

5-acetamido-N,N*-bis(2-hydroxymethyl)-N,N'-bis[l-hydroxymethyl)-(2-hydroxy) ethyl]-2,4,6- 
triiodoi sophthalami de 

To 4.17 g (6.94 mmol) of 5-acetamido-2,4,6-triiodoisophthaloyl dichloride, obtained according to 
the method described in Example 1-3 above, is slowly added a solution of 3,53 g (0.026 mmol) of 
the aminoalcohol ##STR83## obtained according to the process described in EP 25083 and J. Med. 
Chem. 10/3, 511, 1967, and 2.63 g of triethylamine in 20 ml of dimethylacetamide. 

The stirring is continued for 48 hours at 50. degree. C. The excess triethylamine and N,N- 
dimethylacetamide is removed by distillation. The residue is taken up in water and passed through 
H.sup.4- and OH.sup.- ion-exchange resins. After evaporation and crystallisation, 3.5 g of product are 
obtained (yield: 64%). 

TLC (Si0.sub,2):dioxane/H.sub.2 O/NH.sub.3 : 80/30/20, Rf: 0.8 
HPLC purity: 99% Lichrosphere C.sub.l8 5 .mu.m Buffer MeOH 
.sup. 13 C NMR (DMSO) (.delta.,ppm): 

(23.02, COCH.sub.3); (50, -N-CH.sub.2 -CH.sub.2 OH) ;(59.30, CH(CH.sub.2 OH).sub.2); (62 C 
H(CH.sub.2 HO).sub.2); (92-100 3C~I); (145-148 C.sub.ar ~N and C.sub.ar -CO); (167-170, 
C.dbd.O). 

EXAMPLES 

Preparation of the compound of formula: (compound VIb) ##STR84## 

1 g (1.54 mmol) of 5-N-methylaceteido-2,4,6-triiodo-3-N-methylaminocarbonylbenzamide chloride, 
prepared according to the method described in FR-2,272,640, is added to a solution of 542 mg (3.09 
mmol) of the einoalcohol no. 5 obtained according to the method described above, and triethylamine 
(3.09 mmol) in 5 ml of dimethylaceteide. The stirring is continued for 48 h at 65. degree. C. 

The solution is concentrated by distillation. After purification through the resins H.sup.+ IRN 77 and 
OH.sup.- IRA 67, and evaporation to dryness, the title product is obtained in the form of a white 
powder. 

TLC (SiO.sub.2) CH.sub.2 Ci.sub.2 -MeOH 7/3, Rf: 0.49 dioxane/H.sub.2 O/NH.sub.3 80/30/20, 
Rf: 0.8. 

EXAMPLE 6 

Preparation of the compound of formula: (compound Ve) ##STR85## 
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5-acetaniido-3-(N'-2-hydroxyethyl).N-(2-hydroxyethyl-2\3^4*-trihydrox^^ l)-2,4,6- 
triiodoi sophthal amide 

To 675 mi (7.15 mol) of acetic anhydride, heated to 50.degree. C, are slowly added 250 g (0.42 mol) 
of 3-(N-hydroxyethylcarbamoyl)-5-amino-2,4,6-triiodobenzoic acid, obtained according to the 
method described in patent FR 6777.M, 

The temperature is maintained around 55. degree. C. during the addition of 1.5 ml of perchloric acid. 

The stirring is continued for 8 hours at 50.degree. C. After distillation under reduced pressure, 380 
ml of butyl acetate are added after cooling. The reaction medium is neutralised by adding 1.5 g of 
sodium acetate and stirring is continued for 12 hours at room temperature. The medium is then 
heated to 70.degree. C. and 168 ml (2,34 mol) of thionyl chloride are slowly added while the heating 
is maintained for 2 hours. The thionyl chloride and the acetyl chloride generated are then removed 
by distillation under reduced pressure. 

The residue is taken up in 150 ml of butyl acetate, and then stirred for 3 hours at lO.degree. C. The 
product is filtered, rinsed with butyl acetate and drained. 

Yield: 78% 

TLC (toluene/methyl ethyl ketone/formic acid: 65/35/25) Rf: 0.7 

.sup.l HNMR ((DMSO-d.sub.6):2 ppm (s, 33H);2.15 (s, 3H); 2.35 (s, 3H) 3.5 (b, 2H); 4.15 (b, 2H); 
9,8 (b, IH). 

100 g (133.9 mmol) of 5-N,N-diacetylamino-3-(N'-2-acetoxyethyl)carbamoyl-2,4,6-triodGbenzoic 
acid chloride, obtained in the preceding stage, are added to a solution of 44.2 g (268 mmol) of the 
aminoalcohol no, 3 obtained according to the method described above, and triethylamine (268 
mmol) in 220 cm. sup. 3 of dimethylacetamide. The stirring is continued for 2 hours at 55. degree. C. 
Triethylamine hydrochloride is removed by filtration and the filtrate is evaporated to dryness. The 
residue is diluted in 500m 1 of water and contacted with 2N NaOH (180 ml) for 12 hours. The 
solution is then neutralised and eluted through resins IRN 77 and IRA 67. 

After evaporation to dryness, 58,4 g of product are obtained, equivalent to a yield of 55%. 

TLC: (SiO.sub.2) CH.sub.2 Cl.sub.2 /MeOH/NH,sub.3 : 8/3/2 Rf: 0.27-h0.41 

Iodine assay: 98.4% 

HPLC purity: 99.5% (Raw) 95% 

Lichrosphere C.sub.18 5 .mu.m; NaH.sub.2 PO.sub.4 0,01M; MeOH 

.sup.l HNMR (DMSO) 200 MHz (.delta., ppm): (2.01, S, 3H, NHCOCH.sub.3); (3.85-4.15; broad 
14H, CH and CH.sub.2 ; (4.3-5.1 broad 5H, OH); (8.5, broad IH, ArCONH); (9.9, broad IH, 
ArNHCO). 

EXAMPLE 7 

Preparation of the compound of formula: ##STR86## 

l,3-bis[(2S,5S)-dihydroxymethyl)-(3R,4R)-dihydroxy-pyrrolidin-l-yl-carbonyl ]-5-acetamido-2,4,6- 
triiodophenyl. 
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28.45 G (0.1745 mol) of (2S,5S)-dihydroxymethyi-(3R,4R)-dihydroxypyrrolidine are stirred in the 
presence of 24.5 cm.sup.3 of triethylamine and 200 cm.sup.3 of DMAC at SO.degree. C. 31.82 g 
(0.05 mol) of 5-acetamido-2,4,6-triiodoisophthaloyl chloride, as prepared in Example 1-3 above, are 
slowly added and the reaction is maintained at SO.degree. C. for 48 hours. The DMAC is then 
evaporated and the reaction medium is taken up in dichloromethane, filtered and then evaporated. 
The oil is then diluted to a volume of 200 cm.sup.3 and then passed through H.sup.+ and OH.sup.- 
ion-exchange resins. The aqueous phase is evaporated to dryness. The product is obtained, after 
drying in an oven and purification by preparative HPLC, with a yield of 23%. 

TLC (CHCl.sub.3 55/MeOH45/NH.sub.4 OHIO): Rf=0.14; 0.2 

Iodine purity: 100.1% 

H.sub.2 O content 2% 

HPLC purity: 99% 

sup.l HNMR (DMSO): delta.: 10.0 (b. IH, NH), 5.5 (b 8H, OH) 4 to 2.8 (b. 16H, CH.sub.2 -CH) 
2.0 (1. 3H, CH.sub.3) 

.sup. 13 CNMR CD.sub.2 O+C.sub.6 H.sub.6 standard): .delta.: 172 (C.dbd.O, NHCO), 170.0 
(C.dbd.O, CO-N); 147.6-147.1-143.1 (C9); 101.1-98,8-91.3 (CI); 72.7-72.5 (CHOH); 59.8-59.3 
(CH~N); 58.4-56.9 (CH.sub.2 ~OH); 21 .7 (CH.sub.3). 

EXAMPLE 8 

Preparation of the compound of formula: ##STR87## 

A mixture of 36.50 g (0.27 mol) of N-methylaminobutanetriol (aminoalcohol no. 1), 27.27 g (0.27 
mol) of triethylamine and 400 ml of isopropanol are heated to 40.degree. C. 

TO this mixture are added 71.70 g (0.057 mol) of bis[3,5-bis(chlorocarbonyl)-2,4,6-triodophenyl] 
malonamide, prepared according to the method described in patent U.S. Pat. No. 4,426,371 in the 
name of SCHERE>JG AG, dissolved in 415 ml of isopropanol. The solution is maintained at 
40.degree. C. for 4 hours and left at room temperature overnight. The reaction medium is filtered. 
The precipitate is passed through H.sup.+ and OH.sup.- resins, taken up in absolute ethanol and then 
in water, evaporated to dryness and dried (yield 63%). 

Analysis: TLC (SiO.sub.2) CH.sub.2 Cl.sub.2 -MeOH (4/6) visualisation: UV 
Rf: 0.27 

Iodine purity: 99.43% .sup.l HISIMR (DMSO).delta.: 12.0 (b, 2H, NH), 4.6 to 4.4 (b,12H, OH), 3.8 
(b, 4H, CHOH), 3.5 (b, 8H, CH.sub.2 OH), 3.4 (b 2H, CH.sub.2, 3.2 (b, 8H, NCH.sub.2), 3.1 to 2.6 
(b, 12H, CH.sub.3); 

.sup.l3 C (D.sub.2 O+C.sub.6 H.sub.6 standard .delta.: 171 (C.dbd.O, N~C.dbd.O), 166 (C.dbd.O, 
N~C.dbd.O), 148-147 (C cycl., C~C.dbd.O), 142 (C cycl., C~NH), 98 to 86 (C cycl., CI), 72 to 69 
(CH, CHOH), 61 (CH.sub.2, CH.sub.2 OH), 50 (CH.sub.2, N~CH.sub.2), 37 to 33 (CH.sub.3, N-- 
CH.sub.3) 

MS (FAB): correct; M+l=1655 
EXAMPLE 9 
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Preparation of the compound of formula ##STR88## 

A mixture of 1.01 g (6.13 mmol) of (2S,5S)-bishydroxymethyl-(3R,4R)-bishydroxypyrrolidine 
prepared according to the method described in Tetrahedron Letters, 31, 6777 (1990), J, Org. Chem. 
50, 892 (1985), of 0.62 g (6.13 mmol) of triethylamine and of 3 ml of N,N-dimethylacetaide is 
heated to 50.degree. C. To this mixture is added 0.88 g (0.70 mmol) of bis[3,5-bis(-chlorocarbonyl)- 
2,4,6-triiodophenyl]malonamide, prepared according to the method described in U.S. Pat. No. 
4,426,371, dissolved in 2.5 ml of N,N-dimethylacetaide, The solution is maintained at 50.degree. C. 
for 24 hours and left at room temperature overnight. The reaction medium is filtered. The filtrate is 
passed through resins H.sup.+ and OH.sup.-, taken up in absolute alcohol then in water and 
evaporated to dryness and dried. 380 mg of a white powder are isolated. 

Analysis 

HPLC (70 CH.sub.3 OH/30 H.sub.2 O) tsub.R -1.62 column C18. 
EXAMPLE 10 

Preparation the compound of formula: (compound Vd): ##STR89## 

5-acetamido-3-(N-2-hydroxyethyl)-l-N-(2,3,4-trihydroxybutyl-2*, 3',-dihydroxypropyl)-2,4,6- 
triiodoisophthal amide: 

100 g (133.9 mmol) of 5-N,N-diacetylamino-'3-lsr-(2-acetoxyethyl)carbamoyl-2,4,6-triiodobenzoic 
acid chloride, prepared according to the method described in Example 6 above, are added to a 
solution of 39.2 g (200 mmol) of the aminoalcohol no. 2 obtained according to the method described 
above, and triethylamine (267.8 mmol) in 220 ml of dimethylacetamide. The stirring is continued for 
two hours at 55. degree. C, The triethylamine hydrochloride is removed by filtration. The filtrate is 
evaporated to dryness. The residue obtained, diluted in 500 ml of water, is contacted with 2N sodiixm 
hydroxide (120 ml) for 12 hours. 

The medium is then neutralised before being successively passed through the resins IRN 77 and IRA 
67. After evaporation to dryness, 58.5 g of the compound Vd are obtained, equivalent to a yield of 

53%. 

TLC (Si0.sub.2)CH.sub.2 Cl.sub.2 /MeOH / NH.sub.3 : 7/3/2 Rf: 0.28 
Iodine assay: 99.2% 

Purity HPLC: (Lichrosphere C.sub.l8 5 .mu.m NaH.sub.2 PO.sub.4 : O.OIM, MeOH): 99% 

sup.l HNMR (DMSO) 200 MHz ( delta.ppm). (2.01; .delta.; 3H ; NHCOCH.sub.3); (3-4.2 ; broad 
15H; CH and CH.sub.2); (8.5; broad, IH, ArCONH); (9.9: broad, IH, ArNHCO). 
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